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In previous work, specific suppression on the formation of heteroagglutinins was
found following long-term, repeated postembryonic injections of foreign blood
in ducks (Ha3kovd and Pokorna 1956). The most important factor in the origin
of this non-reactivity of ducks to hen erythrocytes is adaption of the organism
in the immediate postnatal period. A further analysis of the origin of this non-
reactivity led to findings on the character, duration and significance of this period
(i. e. the adaptive period), when the administration of foreign blood results in inhibi-
tion of the formation of heteroagglutinins in fully grown birds.

Methods

Peking ducks, which had hatched out on the same day and had been reared under the same conditions,
were used for the experiments. These were given 1—15 intravenous injections of fresh hen or goose blood
(one part 3.8Y%, citrate to nine parts blood) on alternate days, in amounts of 0.3 —1 ml,, according to the
scheme given in the tables.

Immunisation was carried out in the experimental and control birds at exactly eight weeks, with four
doses of 1.5 ml. blood on alternate days; blood was collected on the fifth day after immunisation had been
completed. Re-immunisation was carried out at 13 weeks, with four doses of 1.5 ml. hen blood or 4 ml.
goose blood, and blood was again collected five days after completion of the immunisation series. The
control ducks received their first injections at eight weeks.

In order to determine normal reactivity of ducks to a foreign erythrocyte antigen, some of the ducks
were immunised with four doses of 1.5 ml. citrated turkey blood; blood was again collected on the fifth
day after completion of the immunisation series.

Agglutination was carried out by taking two drops of serum which had been stored for 24 hours
at —20° C and one small drop of a 509, suspension of erythrocytes washed three times in physiological
saline and incubating at room temperature. The results were read off after 10 and 60 minutes. The titres
given in the tables are the inverted values of the final dilution of the serum which gave agglutination-
visible to the naked eye after 60 minutes.

Incomplete antibodies were determined by agglutination in protein medium and by the Coombs test
(Dunsford and Bowley 1955). Antiglobulin serum was prepared according to the method suggested
by Milgrom et al. (1956), by immunising a cockerel with its own erythrocytes, agglutinated by immune
duck serum.

Skin grafting: When applying homografts, the skin was always exchanged from the middle of the back,
between ducks of the same age. After turning the skin by 180°, the graft was sutured by eight stitches
and lightly covered with collodion. Evalution of a permanent take was based on growth of the feathers
in the reverse direction. In heterografts in adult ducks, a piece of skin measuring approximately 2 x 2 cm.
was taken from the leg of a goose, sutured into position and lightly covered with collodion.

Results and Discussion

It was found that long-term, repeated injections of hen blood in ducks, if com-
menced within six days of hatching, lead to complete inhibition of the formation
of heteroagglutinins in fully grown birds. If the series of injections is commenced
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Table 1. The Influence of a Series of Postembryonic Injections of Hen Blood Commenced on Various
Days after Hatching, on the Formation of Heteroagglutinins in Ducks.

D o Titre
ay atter - Total amount, T Titre of
hatching on No. of .. .
A L injected after first after second incomplete
which injections | injections . s . Y P
(ml.) immunisation immunisation antibodies
commenced N .
series series
3 15 6.3 1 2 0
3 15 6.3 2 I 0
6 15 6.6 2 2 0
6 15 6.6 0 1 0
8 15 6.9 8 2
8 15 6.9 16 16
15 15 7.5 2 4
15 15 7.5 4 8
18 15 8.1 1 2
18 15 8.1 256 64
23 15 8.7 64 16
23 15 8.7 32 16
— — — 64 32
— — - 16 32
— — — 32 32
— — — 64 32

between the 8th and the 18th day, some ducks form immune heteroagglutinins
to the same titre as the controls, while others do not form them to a titre higher
than that for natural heteroagglutinins (Ha8kova and Pokorna 1956). If the series
is commenced on the 23rd day, the ducks react in the same way as the control birds
not given injections before immunisation (tab. 1, fig. 1). Since the period when
the first injections are administered is the decisive factor, the authors are of the
opinion that formation of immunological tolerance similar to that resulting from
embryonal parabiosis or intraembryonal injections (Hagek 1953, Billingham, Brent
and Medawar 1953) is involved. It confirmed the conclusion of the preceding com-
munication (Haskova and Pokorna 1956),

For postembryonal injections in ducks, goose blood was also used, and it was
found that the same inhibition of formation of heteroagglutinins occurred in adult
life following a series of 15 postembryonal injections in doses of 0.3—0.7 ml.
.on alternate days, five injections of 0.3 ml. or two injections of 0.3 ml. on alternate
days, or even after a single injection of 1 ml. goose blood, i. e. if a sufficient amount -
of antigen was administered up to the 10th—13th day after hatching (tab. 2, fig. 2).
In non-reacting ducks, the presence of incomplete antibodies was not demonstrated
either by agglutination in protein medium, or by the Coombs test. From all the above
results it is concluded that the period in which ducks are capable of adaptation
to a foreign antigen (i. e. the adaptive period) extends for several days into post-
embryogenesis. The length of the adaptive period depends on the nature of the
antigen. For goose blood it lasts, in all ducks, up to about 10—13 days and for hen
blood cells up to six days after hatching. This period varies considerably however,
among individual birds. Some ducks are capable of adaptation to hen or goose blood
as late as 18 days after hatching; others do not develop tolerance when injected with
antigen on the 8th day after hatching.

The origin of non-reactivity depends, without any doubt, on the dose of antigen
administered during the adaptive period. When a single dose of 0.3 ml. goose blood
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was injected during the adaptive period, it had no effect on the formation of anti-
bodies at eight weeks. When the same amount was split up into three doses and
administered on the first, third and fifth days, or when a single dose of 1 ml. was
administered, the same inhibition of antibody formation was found as following
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Fig. 1. Fig. 2.

Fig. 1. Titres of heteroagglutinins against hen erythrocytes after immunisation at the age of eight weeks

in ducks that had been given a series of 15 injections of hen blood, starting on varying days after

hatching. z: day after hatching when the ducks received the first injection. K denotes the titres in the
control ducks. y: last dilution of serum which gave visible agglutination.

Fig. 2. Titres of heteroagglutinins against goose erythrocytes after immunisation at the age of eight weeks

in ducks which had been given one or several injections of goose blood starting on varying days after

hatching. z: day after hatching on which ducks received first injection .K denotes titres of control ducks.

y: last dilution of serum which gave visible agglutination. The mark ¢0.3 ml.” denotes that the ducks

indicated were given only the border-line amount of 0.3 ml. in the adaptive stage and that therefore
their titres lie within the limits of the titres of the controls.

a series of injections (tab. 2). From this it is concluded that the important factor
is not so much the amount of antigen administered in a given dose, but that the
antigen should remain in the body for a certain time during the adaptive period,
in order to be able to influence the mechanism of antibody formation.

Strong suppression of the formation of antibodies, against soluble heterologous
proteins, however, was successfully obtained by Hanan and Oyama (1954) and
by Dixon and Maurer (1955), following a series of postembryonal injections. It is
evident that in these experiments also the organism was adapted to the antigen
primarily in the adaptive period, shortly after birth. In the experiments described
in the present communication, the formation of heteroagglutinins was completely
inhibited; this had previously been successful only after turkey-hen parabiosis
(Hraba 1956). Intraembryonal injections of foreign blood resulted at most in
a decrease in the formation of heteroagglutinins, but never in complete inhibition
(Ha¥ek and Hraba 1955, Simonsen 1955, 1956).

Homografts were carried out in ducks on various days after hatching out, in order
to verify the duration of the adaptive period. In five-day-old ducks, the growth
of feathers in homografts was 100%, in seven-day-old birds 50%. This confirms
that the adaptive period in ducks extends into postembryonic life for several days.
Hraba and Hagek (1956) also obtained complete growth of feathers in homografts
on one-day-old ducks. The lower percentage of their successful homografts is prob-
ably due to the different technique used (tab. 3).
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Table 2. The Influence of Injections of Goose Blood on the Formation of Heteroagglutinins in Ducks.

D h Titres
a}ér‘; en Dosage scheme No 7‘
e (injections given on o after first after second
injection of birds . o . L
AN alternate days) immunisation immunisation
administered 1 !
series series
1st 0.3 ml. 2 128, 4 256, 32
1 ml. 2 0, 2
0.1 + 0.1 + 0.1 3 0, 0, 16
0.3 + 0.3 2 , 0 0, 0
0.3 4+ 03+ 0.3 + 0.3 +0.3 2 2, 0 64, 0
0.3 to 0.6 in 15 injs. 2 0, 0 0, 0
3rd 0.3 2 32, 2 128, 16
0.3 4 0.3 1 2 0
0.3 4+ 03+ 0.3 403 1 1 64
5Sth 0.3 to 0.6 in 15 injs. 1 2 2
0.3 + 0.3 2 2, 2 1, 2
0.3 + 0.3 + 0.3 + 0.3 + 0.4 1 1 8
Oth 1.0 2 1, 1
0.3 + 0.4 + 0.4 2 0, 0
10th 0.3 + 0.3 2 4, 2, 0 32
0.3 + 0.4 4 0.4 4 0.4 + 0.4 2 2, 4 32
13th 0.4 + 0.4 2 4, 1
04 4+ 0.4 4+ 04 4- 0.5 + 0.5 2 1, 2
20th 0.4 + 0.5 2 16, 8
0.4 + 0.5 4 05 + 0.3+ 0.5 3 1, 32, 256
| 0.4 to 0.7 in 15 injs. 1 128
Control birds of same age, injocted at age a 16, 128, 64, 512,
of eight weeks 16, 32, 64, 128, 256
64, 16, 64,
16

Total number of birds used for the experiment: 48.

Table 3. The Proportion of Feathered Homografts and Others Carried out in Ducks on Various Days
after Hatching

Days after hatching

1 3 7 10 16 20

11/18 5/

(Hraba and
Hasek 1956)

o
ot

2j4 0/6 0/4 0/4

Skin grafts from the legs of geese were also made in ten-week-old ducks in which
the formation of heteroagglutinins had been inhibited. These heterografts did not,
however, survive longer than 15 days, either in ducks which did not form agglutinins
on immunisation, or in the controls.
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It is known that an injection of blood from another bird of the same species, when
administered during the adaptive period, can result in permanent survival of a skin
homograft, as the leucocytes and the skin have the same antigens in common.
Injections of blood from a different species, although causing complete inhibition
of the formation of heteroagglutinins did not, in these experiments, lead to prolonged
survival of heterografts in adult birds in a single case. The question of heterografts
is discussed elsewhere (Haskova and Hasek 1957).

Summary

1. Complete inhibition of the formation of heteroagglutinins in adult life was
obtained in ducks by means of postembryonal injections of goose or hen blood.
The experiments constituted a further demonstration of immunological tolerance.

2. Tt was found that the adaptive period for foreign erythrocytic antigens in ducks
extended for 6—13 days into postembryogenesis.

3. The duration of the adaptive period depends not only on the species of the
experimental birds, but also on the nature and degree of heterogenesity of the
antigen, and even displays individual variations.

4. The important factor in the development of adaptation to a foreign antigen
is not only the amount of antigen administered during the adaptive period, but
rather the length of time over which it can act during this period. A single dose
of 0.3 ml. administered during the adaptive stage did not affect antibody formation,
but the same amount administered in three separate doses resulted in inhibition
of the formation of heteroagglutinins in maturity.

5. Inhibition of the formation of immune heteroagglutinins did not lead to the
development of incomplete antibodies.

6. The administration of blood during the adaptive period did not result in pro-
longation of the survival of heterografts.

7. Homografts carried out in ducks from 5—7 days after hatching out took
permanently. '
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ARanTUBHBIA IO OTHOIIEHUIO K YysKepORHHIM aHTUTEHAM DTAIl
B OHTOTeHe3e YTOK

B. TAIIKOBA

Peswome

Msl ycTaHOBWIHM, YTO ¢ TOMON[BIO MOBTODHHIX BIPHCKUBAHUN KYPUHOH KpOBU
MOHO Yy B3POCJEIX YTOK IIQJHOCTBIO NOXABATH 00GpazoBaHMe TeTePOarrJIIOTUHUHOB
nocie MMMYHHBAIMM NPU YCIOBUM, YTO YKOJE OBIIM HAYATH He IO3Me 6-ro HHA
IOCJIe BHIKJIeBRIBAHUA (CPB. Takme [amkosa, ITokopuas 1956). Ecan cepus yxomos
6buta Hawara Ha 8—18-Ri jeHb, Y HEKOTOPHX YTOK WMMYHHEE ArTJIOTHHIHEL
06pasyloTcA B TAKOM ke THTpe, KaK M B KOHTPOJe, 8 y PYTHX — B THTPe He BHILIIe
TUTPA eCTeCTBEHHBIX TIeTepOArTIIOTUHUHOB. Ecam cepua ykoaos Gblia HavaTa Ha
23-uit eHb M0CITE BHIKIEBEIBAHNA , IOJONHTHEE YTKN PeArMpyIOT TaK e, KaK I KOH-
TPOJIbHEIE, 6e3 YKOJIOB Iepes MMMyHU3anuel (Tabi. 1, rpadur 1). IIpu srux onmrax
IeI0 MjeT ONATH 00 MMMYHOJNOTHYECKOH TOJePaHIuMHM (Kak B pesyabraTe aMOpuo-
HaJbHOTO Tapafio3a WM BHYTPU3APO/EIIEBHX BHpPHICKMBaHMN — [amer 1953,
Billingham, Brent u Medawar 1953). [lns BOpHCKMBAaHMI I10cjle BEIKJIEBHIBAHUA
MEL MCIIOJIb30BAJIM TaKKe I'yCUHYI0 KPOBb M yOeAUIUCH, 4TO TAKOTO e MOfaBIeHUA
00pasoBaHUA TeTEPOATTIIOTHHUHOB BO B3POCIOM COCTOAHMM, KAaK IOCHE CepuH
15 nocrambpuonambHEX BIphickuBaHMit 0T 0,3 10 0,7 MJT yepes JeHb, MOKHO OBUTHCA
€ IOMOIBIO 2 YKOJIOB 1o 0,3 MJI 4epes JeHb MM azke OJHOPA30BOrO BIPHLICKUBAHMA
1 Mat rycumolt KpoBH, T. e. NpPU YCIOBHH, YTO JOCTATOYHOE KOJIMYIECTBO AHTHIEHA
Onuto BBeteHO He mosme 10—13-To JHA MOC/e BHIKJIEBHBAHUA (rabm. 2, puc. 2).
Mlepuon, xorga yTeE emie CIIOCOGHBI AAANTHPOBATHCHA K UyKEPOLHBIM DPUTPOLM-
TapHHM aHTUTeHaM (aJaNTUBHBIA JTam) sararuBaercs R0 6—13-ro mHA mocT-
ambpuorenesa. [JJIMTeIbHOCTh AaNTHBHOTO HTAIA 3aBUCHT, TOBUANMOMY, He TOJIBLKO
OT BUJI FKMBOTHOTO, HO ¥ OT XapaKTepa U CTeIeHH YyKePOJHOCTH aHTUTeHA, & TAKKe
NpoABJIAeT M UHANBUAYaJIbHBE KolebaunA. [lanpHelinye ONLTH MOKa3adM, YTO JJIA
BOSHMKHOBEHUA aflaNTalUK K YyKePOJHOMY aHTHI'eHY HeT HeoGXOJMMOCTU BO BBe-
AeHNM QHTUIeHA B TeYeHMe A/[AIITUBHOTO 3TaNa TOJBKO B KAKOM-HUGY/b ONIpefieJeHHOM
KOJIU4eCTBe, & CKOpee — B JIOCTATOYHO NOJIIOM [[efiCTBUM aHTHIeHA B TedeHHe ajiall-
THBHOTrO dranma. Opnopasosoe BBefenue 0,3 MJI B TedeHHe AJANTHBHOIO IMEPUOIA
He OKA3BIBAJIO BIMAHUA Ha 00pasoBaHMe AHTHTE], BBeJeHME ke HTOTO KOJMIeCTBa
Tpems josamu mo 0,1 M BHBBaTO momaBieHMe 06pazoBaHMA TeTEPOATTIIOTHHUHOB
BO B3pPOCJIOM COCTOAHMU. Hammyue HemOJSHHX aHTUTEN He GHLUIO HAMU JOKA3aHO HU
B ofiHOM ciy4ae. IIpojyiuTh BpeMs BRIKNBAHUSA TeTEePOTPAHCILIAHTATOR TYTEM BBe-
AeHNs KpPOBM JIOHOPA B Te4eHHe JanTUBHOrO IIepHOJA He yjaaBasoch. I'omorpamc-
ITAHTATHL, IepecaKuBaeMble YTKAM 10 5—7-TO JIHA II0CJI€e BHIKJIEBHIBAHUA, YCTOIi-
9KMBO MPHKUBAIOT.
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Not long after it had been found that tolerance to foreign cell antigens could be
produced (HaSek 1953, Billingham, Brent' and Medawar 1953, Ripley, cit. by
Owen 1954), it was demonstrated that a similar state could be induced using hetero-
genous proteins. In adult rabbits which had been injected during embryogenesis
and the immediate postnatal period with equine serum albumin, Hanan and Oyama
found absence of immunological response to this antigen. In rabbits which had
received from birth large, repeated doses of human plasma or equine serum albumin,
Dixon and Maurer (1955) found complete inhibition of the formation of precipitins
against the antigen concerned. By injecting newborn rabbits with human seralbumin,
Cinader and Dubert (1955) obtained complete suppression of antibody formation
in later life. In hens which had been embryonal parabionts with turkeys, Hraba
(1956) found depression, and in one case complete inhibition, of the formation
of precipitins against turkey serum proteins.

The aim of the present work was to ascertain whether immunological tolerance
to guinea-fowl serum proteins could be produced in chicks. The antigen was injected
intra-embryonally, but because only small amounts could be administered in this
way, larger doses were injected immediately after the chicks hatched out.

Methods

Injections were administered into the yolk sacs of 4 to 5-day-old embryos by drilling & small opening
in the shell in approximately the equatorial plane. The egg was illuminated and placed in such a way
that the extra-embryonic vascular field was situated below the opening. The antigen was injected below
the area vasculosa to a depth of about 0.5 cm. (from the shell) in the direction of the embryo. After
completing the injection, the opening was closed with paraffin wax and the egg returned to the incubator.
About 15—20%, of these embryos hatched out, the most frequent cause of death being rupture of the
yolk sac. Injections into the allanto-chorionic blood vessels of the embryo were carried out according
o a method described in previous communications (Hraba et al. 1956, Hadek 1956).

The experimental birds were immunized and blood collected by the intravenous route. Guinea-fowl
citrated plasma (1 part 3.8% sodium citrate to 9 parts blood) was used for all the injections and
immunization doses, and guinea-fowl and hen plasma were used for the reactions. Precipitins were
demonstrated by the ring reaction in miniature test-tubes; the titre is given according to the highest
dilution of the antigen which still produced a discernible positive reaction. The antiserum was not diluted
for the reactions and unless stated otherwise, the antigen was diluted in the geometric series: 10X, 20X,
40, etc., commencing with tenfold dilution.

Results

Guinea-fow] plasma was injected either intra-embryonally or into newly hatched
chicks. Intra-embryonal injections were administered to three groups of chick
embryos of different ages. For these injections a constant dose of 0.2 ml. was used.
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Formation of Precipitins against Guinea-fowl Plasma in Experimental and Control Birds

Titres in blood collected on 7th day after immunization (in group 4 on 7th day after second
immunization dose). Antigen diluted in geometric series (1:10, 1:20, 1 : 40, ete.), commencing
with tenfold dilution }
Titre Diff. betweeun {
Groups Method Amt. of No. of of antibodies exp. birds and ’
of birds of administration antigen birds 7 days after controls eval. [
administration by t-test |
. i
1. Exper. | Inj. in yolk sac in 0.2 ml. 4 160; 320; 640; 1280 ’ t = 0.45 |
4—5-day-old embryos | [
chick ‘ f
Controls | — — 6 160; 160; 160; 320; | P = 0.70 !
1280; 1280 F
2. Exper. Inj. in allanto- 0.2 ml. 12 70; 100; 100; 100;** t = 0.68 E
chorionic blood vessels, 100; 100; 100;
11 —-13-day-old chick 100; 400; 400
embryos
Controls | — — 10 100; 100; 100; 100; P = 0.50 }
100; 100; 400; 400;
400; 400
3. Exper. Inj. in allanto- 0.2 ml. 5 80; 160; 640; 640; t=0.5
chorionic blood vessels 1280
in 18-day-old chick
embryos
Controls — — 7 160; 160; 160; 160; | 0.7 > P < 0.5
640; 640; 640
4. Exper. L. p. inj. 1st day after 1.0 ml. 8 160; 160; 320; t = 1.01
hatching 1280; 1280; 1280; P = 0.30
1280; 5120
Exper. I. p.inj. 1st and 2nd 3.0 ml. 9 40; 80; 80; 160; t = 2.74 :
day after hatching (14+1+1) 160; 320; 1280; 0.01 > P < 0.02{
1280; 5120 j
Controls | — — 9 160; 320; 1280; [
1280; 1280; 1280; [
2560; 10240 :

** Antigen diluted 1 : 10, 40, 70, 100, 400, 700, 1,000.

In the first group, guinea-fowl plasma was injected into the yolk sac of 4—5-day-old
embryos. Transmission of these foreign proteins into the embryonic blood stream was
demonstrated in embryos killed five days after the intravitelline injection had been
carried out. In the other two groups, guinea-fowl plasma was injected into the
allantochorionic blood vessel on the 11th— 13th day and on the 18th day of incubation.
All three groups of chicks which were given intra-embryonal injections of guinea-fowl
plasma were immunized at the age of six weeks with a single injection of 1 ml. of the
same antigen. All these birds formed antibodies and in no group was there any signi-
ficant difference in the titre of the precipitins formed as compared with the controls.

Newly hatched chicks were injected intraperitoneally with guinea-fowl plasma.
In the first group a single injection of 1 ml. was administered within 12 hours after
hatching. In the second group three doses of 1 ml. were administered, within 12,
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24 and 48 hours respectively after hatching. These birds were immunized with two
injections of 1 ml. guinea-fowl plasma administered at the age of six and eight weeks
after hatching. All birds again formed antibodies, but those which had received
3 ml. guinea-fowl plasma after hatching, formed precipitins against the antigen
in a statistically significantly lower titre than the controls (P < 0.02) while in the
group which had received only 1 ml. guinea-fowl plasma the titres did not differ
significantly from those of the control birds.

Discussion

Hagek (1955) found that the injection of homologous blood led to the formation
of immunological tolerance in about 50%, of newly hatched chicks to a skin graft
from the donor. These results indicate that the adaptive period, i.e. the period
in which exposure to a foreign antigen leads to the development of immunological
tolerance, does not end in chicks until after they hatch out, at least as far as homo-
logous cells are concerned. It would appear, however, that the adaptive period for
different antigens may end at different periods. Hadkovéa (1957), for example, suc-
ceeded in producing tolerance to homologous cells in ducks up to the tenth day
after hatching, whereas to hen erythrocytes the latest limit was the fifth day. It was
not certain, therefore, whether it would be possible to produce immunological toler-
ance in chicks to guinea-fowl plasma after hatching out.

The experiments demonstrated that it is possible, but that relatively large amounts
of antigen must be administered. This offers the most probable explanation for
failure to produce immunological tolerance by means of intra-embryonal injections,
in which only a small amount of antigen can be administered. The importance
of the amount administered is evident from a comparison of the results in the two
groups injected with guinea-fowl plasma after hatching out; a dose of 3 ml. led
to the development of tolerance, while a dose of 1 ml. was ineffective. A relationship
between immunological tolerance to turkey serum proteins and the amount of antigen
injected into the chick embryo is also seen from the results obtained in chicks
which were given intra-embryonal injections of whole turkey blood (Hraba et al.
1956); while tolerance to the serum proteins of the partner’s species was found
in hens which had been embryonal parabionts with turkeys, no reduction in the
formation of precipitins against turkey serum was found in these other birds.
With reference to the different methods of administering the antigen, it would,
however, appear that apart from differences in the amount of foreign protein
administered, other factors might also participate. For instance, HaSkova (1957)
found that in the case of postembryonal injection of hen blood in ducks, fractionation
of the same dose at given intervals is more effective for inducing tolerance than
administration of the whole amount in a single dose; for the induction of tolerance,
therefore, it appears necessary for the antigen to act at least over a minimum
given period.

Simonsen (1956) found that on the 17th—19th day of incubation of the chick
embryo, immunological tolerance could be induced by a dose of human blood cells
which at other periods would have no, or little effect.

Although injections of guinea-fowl plasma were administered from the 4th—18th day
of incubation, no developmental period of increased sensitivity was found, in which
a relatively small amount of this antigen could produce tolerance. It is assumed
that these experiments do not demonstrate that no such sensitive stage to guinea-
fowl plasma exists, as the negative results were plainly due to the fact that only
sub-threshold amounts of antigen could be administered.

It will, however, be necessary to verify Simonsen’s results apart from this, as when
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chick embryos were injected with turkey blood from the 12th day of incubation up
to the first day after hatching out, no reduction in the formation of agglutinins
against turkey erythrocytes was found in any of the groups, although the same dose
of foreign blood was used for injecting the embryos as had been used in Simonsen’s
experiments (Hraba et al. 1956).

On the other hand, the results in the group of newborn chicks and in chicks
injected with guinea-fowl plasma administered into the yolk during early embryo-
genesis, together with the results of embryonal parabiosis between turkey and hen,
are further evidence that the weak forms of tolerance induced in duck and hen
embryonal parabionts are not due to termination of the adaptive stage for the
partner species antigens before the time when the embryos are joined, i.e. the
11th—12th day of incubation, as assumed by Billingham et al. (1956).

The degree of immunological tolerance to guinea-fowl serum proteins obtained
in these experiments, and the degree of tolerance to turkey serum proteins obtained
in hen embryonal parabionts with turkeys, are lower than the degree of tolerance
to foreign proteins induced in rabbits. This is probably due to differences in
ability to acquire immunological tolerance in different species.

This relationship is particularly clear in duck-hen embryonal parabionts. On im-
munization at the same age, the duck parabionts form agglutinins against hen erythro-
cytes in lower titres than the controls, whereas in the hen parabionts the titres of
agglutinins against duck erythrocytes are the same as in the controls (Hadek and
Hraba 1955). A similar relationship can be seen in hens which received intra-
embryonal injections of turkey blood. Whereas parabiosis with this species produces
marked or even complete suppression of the formation of agglutinins against turkey
erythrocytes, the titres in the birds which only received injections of turkey blood
did not differ from those in the controls (Hraba et al. 1956). On the other hand,
in ducks injected with the same amount of goose blood as in the previous experi-
ment, a reduction in the titre of antibodies against goose erythrocytes was found
(HaSek 1956). In view of the fact that the acquisition of immunological tolerance
to foreign proteins depends on the amount of antigen administered, it might naturally
be possible that the difference between the reaction of hens and rabbits could be due
to differences in the amount of protein injected. That this is not the case is de-
monstrated by the finding that complete inhibition of the formation of precipitins
against the corresponding antigen was obtained in young rabbits by the injection
of 20 mg. human or equine seralbumin (Cinader 1955, Smith and Bridges 1956).
These are considerably smaller amounts of antigen than those required to produce
only partial depression of the formation of precipitins against guinea-fowl plasma
in chicks, showing that the rabbit belongs to the species in which immunological
tolerance is acquired more easily than in hens.

Summary

Chick embryos were injected with amounts of 0.2 ml. guinea-fowl plasma, 1. on the
4th—5th day of incubation into the yolk sac, 2. on the 11th—13th and on the 18th day
of incubation, into the allantochorionic vein. No decrease in the formation of preci-
pitins was found in either of these groups following immunization with guinea-fowl
plasma as compared with the controls.

Newly-hatched chicks were injected intraperitoneally with 1 ml. or 3 ml. guinea-
fowl plasma. Following immunization, the chicks which had received 3 ml. guinea-
fowl plasma formed precipitins against this antigen in a significantly lower titre
than the controls (P < 0.02), while there was no significant difference between
the titres in the birds which had received only 1 ml. and those in the controls.
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I/IMMYHOJIOI‘I/I‘IBGROB cOanKeHNne 0 OTHOINEHNIO K HEKJIETOYHHM
QHTUIreHaM

A. TOPT u T. TPABA

Pesiome

Bekope mocsie OTKPHTUA MMMYHOJIOTHYECKOTO COMIMEEHNSA 110 OTHOLICHHIO K HyzKe-
ponHEM kiaerogHuM aHTnreHam ([amex 1953, Billingham, Brent m Medawar 1953,
Ripley 1953, nut. no Owen-y 1954) BusicHUIOCH, 4TO NOJOGHOTO COCTOARNSA MOHHO
HOGUTbCA W IO OTHOUIEHMIO K uy<epoaHM Genxam (Hanan m Oyama 1954, Dixon
u Maurer 1955, Cinander m Dubert 1955 — y kposaukos, I'pa6a 1956 — y kyp).

Henslo HacTosmell pabOTEHL GHJIO YCTAHOBHTH, MOMHO JI ROCHTHCA y MBIJIAT
MMMYHOJIOTHIECKOTO COJIMKEHUA ¢ I[eCApPKaMi IIyTeM BHYTPM3apPOJLIIEBEIX U IIOCT-
oMOGPHOHANBLHAX BIPHICKUBAHMIA UX CHIBOPOTOUHHIX GenkoB. M BIpEICKUBAIN 3apO-
memram o 0,2 Ma muiasMel uecapkm: 1) Ha 4—D5-mit fAeHb UHKYGalIN B HEJITOTHEIM
MenIoK (Nepexoj YYHEePONHHX GEeIKOB B KPOBAHOE PYCJIO 3apojsma Geul HaMu
nokasaH); 2) Ha 11—12-wiit nom 18-miit feHb MHKYyGAUUM — B XOPMOHAJIIAHTOMAHYIO
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Beny. Ilocie ummynusanum 1 Mo naasmur Iecapku Ha 6-0ii Hejese HocJe BHKIEBhI-
BaHUA HU B OJHOM U3 DTUX IPYII He HAGJIONAIOCH HOHMAEHNA CIOCOGHOCTH K obpa-
30BaHUI IPENUNUTUHOB B CPABHEHMU ¢ KOHTpoJeMm. HeMemjleHHO Tocile BEIKJIEBHI-
BaHUA UHTIATAM BBOAMJIOCH B OJIOCTH OPIOMIMHEL 10 1 MJIut 110 3 MJI IIIa3MBI iecapKu.
Mocae uMmyHwsamun UbIATa, TONYYUBIIHE 3 M aHTHUTeHa, 00pasoBagn Mpenu-
TUTUHBL B 3HAYNTENBHO GOslee HUBKOM THTpe, YeM B KoHTpoue (t = 2,74, P < 0,02).
Turpsr URIMIAT, KOTOPHIM NOCIE BHKJIEBHBAHUA GHUTO BBEZEHO TOJIBKO To 1 Mt
AHTATEHA, He OTIMYAIUCH CKOJBKO-HUOY/b BHAYMUTEIHHO OT KOHTPOJIA.

Hamu onmmiTer mMOKasaiu, YT0 UMMYHOJOIMYECKOTO COIUMKEHIA Y LBIUIAT MOHHO
JOOUTHCA M ¢ TIOMOINBIO TIOCTAMG PUOHAILHBIX BIIPLICKUBAHWIA CHIBOPOTOYHEIX OEJIKOB
necapkn. Ho miusa pocrummenusa sroro addexra HeoGxomumo BBecT: CPABHUTEJIBHO
00uIbII0e KOIIMYECTBO AHTHUIEHA, 9eM, OBUMMOMY, 00'bACHAETCA HeyCIeX IOILITOK
BHI3BATL €r0 IyTeM BHYTPU3APOABIIIEBEIX BNpeCKHBaHuit. HecMorpa ma To, uto
BIPHICKABAHUA ITIA3Mbl IIECAPKU NPOMBBOAMINCEH ¢ 4-ro 10 18-biii mens unkyGarum,
HaM He ylaBaJlOCh ONpefleJUTh Kako#-HUOYAL nepuox Gosee YYBCTBUTESBHBII,
AIIA OJTydeHns cONMmKenu, Mofo6Ho TOMY, KaK ero HameJ Simmonsen (1956) mas
BPUTPOIUTOB 4YeNOBeKa.

Cremenh MMMYHOJIOTUYECKOTO CONMIKEHNA 110 OTHOIIEHMIO K CBIBOPOTOYHBIM (esikam
IeCapKi y LBIJIAT, KaK U COJNeHue MO OTHOLIEHMI0 K CHIBOPOTYHHIM OeJIKaMm
MHACHKE Y Kyp-oMOPUOHAIBHHX TapaGMOHTOB ¢ WHJIeHKON, OhiBaeT HIKe, geM
CTelleHp COMMMEHNA [0 OTHOLIEHMIO K Yy/KepOJHBIM OesmKaM, HNOCTUTHYTAsA § KpoO-
sukoB. Ilpuauna sTo#f pasHUIBI KOPEHMTCA, BEPOATHO, B BUOBBIX PaBIMYUAX
B CHOCOGHOCTM K HMMYHOJIOTMYECKOMY COUMACHIIO.
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A. A. IMSHENETSKY and E. L. RUBAN
Institute of Microbiology, Academy of Sciences of the USSR, Moscow

Received January 11, 1957

In studying the biochemical transformations caused by microorganisms two
stages have as a rule to be passed. First the peculiarities of the process induced by
living, multiplying microbes are established and only then an attempt is made
to reproduce the same process without the aid of cells, i. e. by culture filtrates
or enzyme preparations. In spite of the considerable progress made in the physiology
and biochemistry of microbes, many transformations of carbon, nitrogen, sulphur
and other elements have been followed up only in cultures of micro-organisms.
So far, the enzymatic nature of a number of processes has not been proved. Occasion-
ally new enzymes are described but the evidence is based upon experiments with
resting microbe cells only. This is hardly justified, since there is no fundamental
difference between experiments with microbe cultures and acute experiments with
resting cultures. It is hardly justifiable to speak of enzymatic action unless the chemical
process in question has been reproduced in a liquid free of microbes. The terms
“extracellular”’ fermentation or “‘extracellular’ oxidation, so often used previously
do not meet the purpose as they emphasize that the chemical process occurs outside
the cell. The term “cell free’’ fermentation would therefore be preferable.

Six years have elapsed since Vinogradsky’s (1952) brilliant studies on nitrifica-
tion. During this period our knowledge of the biology, occurrence and ecology
of the nitrifying bacteria has been greatly supplemented with new data. However
the chemistry of the nitrification process is still unclear. It is quite probable that
ammonia oxidation to nitrites is accomplished through the agency of several enzymes
but these are still unknown. The discovery of ammonia oxidation by the enzymes
contained in Nitrosomonas cells would however have opened vast prospects for the
study of the mechanism of nitrification. It is sufficient to mention the great role
of cell-free alcohol fermentation in elucidating the chemistry of individual stages
of this process. .

Only one paper by Omeliansky (1953), has been published on nitrification in
a medium free of Nitrosomonas cells. These cells were triturated with washed sea-
sand, after which distilled water and ammonium sulphate were added to the sus-
pension. No ammonia decrease was noted in these experiments as due to Nitrosomonas
enzymes. Omeliansky therefore concluded that the chemical activity of these
microorganisms cannot apparently be dissociated from their vital activity. It should
be mentioned, however, that Omeliansky’s procedure is not free from objections.
His principal experiments were carried out with very old (4-month) Nitrosomonas
cultures, the cells being dessicated prior to trituration over sulphuric acid, which
should have affected the activity of the enzymes.
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Material and Methods

The present studies were carried out with a pure culture of Nitrosomonas europaea isolated from soil.
The methods of isolation and control of pure Nitrosomonas cultures have been described elsewhere-
(Imshenetsky and Ruban 1952, 1953). It will be noted that subculture on meat—peptone broth —a pro-
cedure commonly used for checking the purity of nitrifying bacteria—cannot be recommended since
lack of growth does not demonstrate the purity of these cultures. As a matter of fact, a number
of bacteria are known which, although present in the Nitrosomonas culture, do not multiply on meat-
peptone broth. These are mostly mycobacteria or myxobacteria. A very careful microscopic control
of culture purity is required as some bacterial satellites, e. g. mycobacteria, are incidentally very similar
in appearance to Nitrosomonas.

In the present study considerable amounts of nitrifying cultures were used, grown in large glass
bottles of 15— 20 1. capacity. Vinogradsky’s medium was used, of the following composition: (NH,),SO,—
2.0 g.; K,HPO, — 1g.; MgSO, — 0.5 g.; NaCl — 2.0 g.; FeSO, — 0.4 g.; a mixture of microelements
(LiSO,, CuS0,, Al(S0,);, SnCl,, MnCl,, NiCl,, CoSO,, TiCl,, KBr) — 1 ml.; distilled water — 1000 ml.,
carefully ground chalk — 1.0 g.; pH of the medium 7.2—7.4. A pure 16—20 day Nitrosomonas culture
was used, grown in 20 ml. medium in Erlenmeyer fiasks of 200 ml. capacity. After inoculation of the
bottles, glass tubes were introduced 3—4 cm. from the bottom; these were used for aeration of the
cultures with sterile air at a rate of 15—20 1. per minute. The air escaped through short glass tubes like-
wise passing through the corks and supplied with cotton filters.

The cultures were incubated 10—12 days at 22-24°. As a rule, the bacteria were cultivated in a set
of bottles. Subsequently, the culture was filtered through a Seitz-filter, 13.5 cm. in diameter, with
a membrane filter No. 3. The sediment was washed with sterile distilled water until the disappearance
of traces of ammonia and nitrite. Then it was carefully ground for 30 minutes with sterile glass powder
in a sterile agate mortar. Glass powder (Schott glass) in amounts of 0.25-0.40 g. were added per 10 g.
of sediment (consisting of cells and salt crystals, mostly phosphates). 15 ml. sterile water was added
per 10 g. of triturated sediment, the suspension agitated and incubated in a thermostat at 40° for
24 hours. During this period some autolysis of the nitrifying bacteria took place. The autolysate was
then filtered through a small Seitz filter (35 mm. diameter with an asbestos filter SF to free it from the
cells. Sterility of the filtrate was checked including for the nitrifying bacteria, by inoculating different
nutrient media. The sterile autolysate was divided into two parts. In one of them, used as a control,
quantitative colorimetric determinations of nitrites were made with the Griss reagents, of ammonia
by distillation in vacuo, and of total nitrogen by the micro-Kjeldahl method. The second, experimental
portion of the filtrate was incubated for five days in a thermostat at 37° after which similar determina-
tions of nitrites, ammonia and nitrogen were carried out. A comparison of the results in the experimental
and control parts indicate the quantitative changes undergone by ammonia and nitrite in the cell-free
solutions.

As an additional control, filtrates of autolysates were used from cultures of heterotrophic organisms,
viz. Pseudomonas sp., Mycobacterium rubrum and Saccharomyces cerevisiae. The filtrates were obtained
by the same methods as those from nitrifying bacteria.

Results and Discussion

Decrease of Ammonia Content in Autolysates Obtained
from Nitrosomonas Célls

Enzymatic oxidation of ammonia was studied on filtrates of autolysates of the
Nitrosomonas cells. These were shown to be free of Nitrosomonas cells as well
as of other bacteria. Quantitative ammonia determinations in the filtrates showed
that they always contain NH,. Hence no ammonium sulphate was added to the
filtrates. Instead, the degree of oxidation by Nitrosomonas enzymes of ammonia
already contained in the autolysates was ascertained. Ammonia and nitrite
determinations were carried out in duplicate (30 determinations 15 experiments)
(tab. 1). The data obtained may be summarized as follows: —

1. In the filtrates of autolysates, the nitrite content increases within five days
on an average from 0.94 to 1.48 mg. N per litre.

2. The ammonia content of the autolysates greatly decreases, from 26.4 to 7.4 mg N
per litre, i. e. by more than three and half times.

3. The amount of nitrites formed is much less than that of ammonia oxidized.
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Table 1. Experiments with autolysate filtrates of Nitrosomonas cells without the addition of (NH,),80,.
(All figures are given in mg./l. Duration of experiment 5 days.)

Amount of ammonia Amount of NO, Decrease dl Formed
Exp. initial final initial | final NH, | XNO,
No.
NH, N, NH, N, NO, N, NO, N, in mg. N,
1 38.0 31.3 35.0 28.8 4.0 1.2 8.8 2.7 2.5 1.5
2 25.0 20.6 14.7 12.1 0.2 0.06 0.3 0.1 1.5 0.04
3 3.0 2.5 0.1 0.1 0.7 0.23 2.5 0.8 2.4 0.57
4 16.2 13.3 10.0 8.0 1.1 0.3 2.0 0.6 5.3 0.3
5 17.6 14.5 10.0 8.0 1.1 0.3 2.3 0.7 6.5 0.4
6 28.0 23.0 0.2 0.1 0.7 0.23 0.8 0.26 22.9 0.03
7 28.0 23.0 0.2 0.1 0.9 0.3 1.1 0.36 22.9 0.06
8 3.7 3.0 2.0 1.5 8.3 2.5 12.5 3.8 1.5 1.3
9 45.2 37.2 26.6 21.9 0.7 0.2 1.1 0.3 15.3 0.1
10 0.9 0.7 0.12 0.1 4.3 1.3 5.6 1.8 0.6 0.5
11 54.4 45.2 32.3 26.6 2.3 0.7 3.6 1.1 18.6 0.4
12 51.9 42.7 0.12 0.1 0.6 0.2 4.5 1.5 42.6 1.3
13 1.1 0.9 0.9 0.8 1.9 0.6 5.9 1.6 0.1 1.0
14 108.8 89.6 4.0 3.3 9.8 3.0 10.7 3.3 86.3 0.3
15 61.6 48 .4 0.035 0.03 9.8 3.0 10.7 3.3 48.37 0.3
Aver
age 32.3 26.39 9.05 7.43 3.09 0.94 4.82 1.48 18.49 0.54

Such are the principal conclusions. Let us discuss certain details. Attention is
drawn to the fact that the initial ammonia content of the autolysates varies greatly
i. e. from 0.9 to 108.8 mg. per litre. This is apparently due to a number of causes,
such as the degree of autolysis of Nitrosomonas cells, the initial ammonia content
of the cells, the cultivation conditions, etc. However, in all 15 experiments the de-
crease of the ammonia content was quite regular. Not in a single experiment did
ammonia increase above the control level or remain unchanged. The rate of ammonia
oxidation varies from one experiment to another. Sometimes almost all ammonia
is completely oxidized (experiments No. 3, 6, 7, 12and 15). One can even speak
of complete oxidation of ammonia. Thus, for example in exp. No. 12 the initial
ammonia content decreased from 51.9 to 0.12 mg,/l, and in exp. No. 16 from 61.6
t0 0.035 mg./l. In some other experiments ammonia oxidation was much less intense.

The question arose as to whether the decrease in ammonia content of the auto-
lysate is related to a change in the forms of nitrogen or to NH; volatility. Determina-
tions were therefore made of total nitrogen of the filtrates of Nitrosomonas auto-
lysates and the heterotrophic Pseudomonas sp., immediately on preparation and
after five days incubation in a thermostat. The analyses were made according
to Kjeldahl in a modification used for nitrogen determination in the presence
of nitrites and nitrates. The figures obtained are summarized in table 2. It will
be seen that the total nitrogen content does not change during the experiment.
Thus, no ammonia is volatilized from the autolysates but oxidation of ammonia
takes place under the influence of enzymes contained in the cells of nitrifying
bacteria.

To prove the enzymatic nature of ammonia oxidation, the filtrates containing
the enzyme systems were inactivated by high temperature i. e. boiled for different
time intervals or autoclaved. A comparison of the ammonia content after five days
in heated and non-heated filtrates indicates the degree of thermostability of the
ammonia oxidizing systems. The results are summarized in table 3. It will be noted
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Table 2. Total N, content of the autolysate filtrates of the cells of Nitrosomonas and Pseudomonas sp.
(N, in mg./L.).

Amount of N, Average amount of N,
Exp. No. Microorganism
mitial | final initial | fina)
1 Nitrosomonas 85.6 86.6 ‘
2 » 109.2 111.6
3 » 103.9 102.69
4 » 108.49 109.6 98.35 08.86
5 ’» 84.56 85.8
6 » 98.4 96.9
7 Pseudomonas sp 63.7 64.0
8 v ' 136.9 135.7 100.07 100.25
9 » " 137.2 138.1
10 ,, " 62.5 63.2

|

Table 3. Effect of thermal treatment of cell-free autolysates of Nitrosomonas europea on ammonia

oxidation.

| Initial amounts ‘ After 5 days ‘
| Duration NO, mg./l. NH; mg./L. )
of heating NO, NH, : — \
mg. /L. ‘ mg. /L. exp. control exp. control “
] - Ty - l
307 4.76 970 7.65 11.05 920 910 ‘
2.22 372 2.3 2.7 264 231 ‘

1’ 4.76 970 5.44 11.05 930 910

2.22 372 1.44 2.7 267 231

2’ 4.76 970 8.16 11.05 940 910

3’ 4.76 970 7.86 11.05 930 910

0.99 450 0.66 0.87 102 31

107 1.62 250 2.64 3.102 0.0 0

15 0.8 400 0.54 0.37 290 255

14.0 292 14.08 11.88 220 225

56.0 111 13.5 26.0 62 55

207 5.9 295 5.06 4.73 230 195

307 5.9 295 4.51 4.73 297 195

56.6 66 10.0 26.0 65 30

56.6 63 13.5 26.0 63 28

25.8 361 20.0 36.4 358 234

60" 25.8 361 15.2 36.4 360 234

56.6 475 6.7 26.0 469 236

14.0 295 9.24 11.08 289 225

* 107 14 295 5.08 11.08 289 225

] 10/ 14 295 7.04 11.08 291 225

1.

* Autoclaved at 0.5 atm.

that in all control experiments there occurs a regular drop in the ammonia content,
1. e. its oxidation through the agency of enzymes. A short, 5—10 minute boiling
of the filtrates does not cause complete inactivation of the ammonia oxidizing
enzymes. Boiling for 15— 20 minutes causes a distinct inhibition of ammonia oxida-
tion while complete inhibition is induced by boiling for 30 minutes and autoclaving
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for 10 minutes at 0.5 atmosphere. In all experiments there invariably occurred
a regular decrease of the filtrate ammonia although no considerable accumulation
of nitrites took place. An inspection of tables 1 and 3 will show that the amount
of nitrites formed in the filtrates is insignificant as compared with that of ammonia
oxidized. It was suggested that a decrease occurs in the nitrite content of filtrates
incubated in the thermostat. To check this the course of nitrite accumulation was
investigated. The figures obtained are summarized in table 4. They confirm the
previous conclusion as to ammonia oxidation and also show that on the second day
the nitrite content of the filtrates is higher than on the fifth day. However, in these
experiments the nitrite maximum is also lower than was expected. This fact may
be accounted for in two ways: 1. Nitrite formation from ammonia is accomplished
in several stages through the agency of several enzymes, the experimental conditions
favouring the enzymes that oxidize ammonia but not those participating in further
oxidation. 2. The nitrites formed interact with the amides contained in the autolysate
filtrates and undergo a secondary reduction. Further enquiry is necessary to account
for the lack of the expected quantitative ratio between oxidized ammonia and
nitrites formed. It must be noted that such a correlation is likewise lacking in a pure
developing Nitrosomonas culture.

To check the assumption that hydroxylamine is the intermediate product formed
on oxidation of ammonia into nitrites, an attempt was made to oxidize hydroxyl-
amine by cell-free filtrates. These data are summarized in table 5.

Table 4. The change in NH, and NO, content of cell-free Nitrosomonas autolysates (mg./l.).

Decrease of NH, Formation of NO,
Exp. "
No. days Initial days
1 ‘ 2 | 3 ‘ 4 ] 5 1 2 | 3 | 4 | 5

1 24 45 — — 810 1.6 6.5 6.3 — ’ - l 3.9
2 120 158 176 — 180 1.8 1.37 0.8 0.47 0.34 0.35
3 9 14 103 154 157 1 4.5 4.1 2.2 1.6 0.9
4 12.5 38 80 110 123 2 3 2.3 1.8 1.8 —
5 82 132 132 — 137 2.2 1.8 1.7 1.7 2.2 1.8
6 — — — — — 3.75 40 17 — — 8.3
7 5.9 31 41.6) — 55 | 27.7 30.9 32.7 32 — 30
8 3 5 7 — 8 8 15 8 8 — 5
9 + 72| +98 |+ 148 | 4+ 165 | + 155 1 1.3 1.2 1 1.5 1

N ote: In experiment No. 9 the autolysate of Mycobacterium rubrum was used.

Tab. 5. Nitrite formation from hydroxylamine in cell-free autolysates of Nitrosomonas europea (in mg./l.).

’ Initial content Final NO, content
Ex of the autolysate of the autolysate NH,0H
Nc?' oxidized in Difference
) without with water
NH,0H NO, NH,0 NH,0H

1 21.21 0.58 1.76 17.60 3.08 12.76
2 21.21 1.62 3.56 22.33 3.08 15.69
3 19.45 1.26 2.54 16.94 0.10 14.28
4 19.45 11.50 12.69 21.15 0.07 8.39
5 19.57 1.26 2.54 16.92 0.10 14.28
6 37.36 1.58 16.92 33.84 0.76 16.16
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Tabl. 6. Experiments with autolysate filtrates of cells of heterotrophic microorganisms.
(The figures are given in mg./l. Duration of experiments 5 days.)

Amount of NH, Amount of NO, ) 1 o
R In- NO.
Exp. Microorganisms initial ’ final initial \ final creas- | o ¥
No. e | - ed od
NH; | N, [ NH; N, | NO,| N, | NO, | N, | NH;
o P o
1 Saccharomyces
cerevisiae 10.0 8.2 20.0 | 16.4 0.1 0.03 0.25 0.1 8.2 0.07
2 ’ 0.24 | 0.2 11.7 9.6 0.1 0.03 | 6.3 2.1 9.4 2.07
3 ' 13.1 10.8 18.5 15.2 0.1 0.03 | 0.8 0.3 4.4 0.27
4 N 30.9 {254 | 36.7 |30.2 0.93 | 0.3 .11 | 0.33 | 4.8 0.03
5 »s 56.5 46.0 58.0 | 47.7 1.12 0.4 1.5 0.5 | 1.7 0.1
6 - 0.24 | 0.2 3.0 2.4 0.1 0.03 1.5 0.5 2.2 0.47
7 Pseudomonas sp. 0.24 | 0.2 10.2 8.4 0.1 0.03 | 0.6 0.2 8.2 0.17
8 ’ 5.4 4.4 6.0 5.0 0.1 0.03 0.1 0.03 0.6 0.00
9 " 50.19 | 41.3 54.31 | 44.7 1.88 | 0.63 | 2.19 | 0.7 3.4 0.07
10 BN 62.5 | 51.5 77.0 | 63.4 1.0 0.3 1.2 0.4 11.9 0.1
11 ’s 42.0 | 34.5 54.4 | 44.7 0.1 0.03 | 0.93 | 0.3 10.2 0.27
12 ' 94.3 77.7 |108.8 | 89.6 0.25 | 0.1 0.45 | 0.2 11.9 0.1
13 ’s 53.6 | 41.2 80.2 | 66.1 1.2 0.4 1.2 0.4 24.9 0.00
14 . 48.1 39.9 70.9 | 58.4 0.6 0.2 1.5 0.5 18.5 0.3
15 Mycobacterium
rubrum 10.0 8.2 32.0 | 26.2 0.5 0.16 1.31 0.4 18.0 0.24
16 ye 0.24 | 0.2 2.1 1.7 0.10 | 0.03 1.73 | 0.6 1.5 0.57
Average 29.84 | 24.37 | 40.23 | 33.10 | 0.52 | 0.17 1.41 0.47 8.73 | 0.30

It appears that hydroxylamine oxidation by the enzymes proceeds at a fairly
high rate. It was additionally found that the capacity of cell-free Nitrosomonas
autolysates to oxidize hydroxylamine is lost upon autoclaving—a fact which
supports the suggestion as to the enzymatic character of oxidation. This capacity
is specific for Nitrosomonas since it is lacking in the autolysates of the most diverse
heterotrophic bacteria, such as Mycobacterium rubrum, Myc. citrewm, Sarcina lutea,
Ps. fluorescens, Bac. mesentericus, Micrococcus rubifaciens, Proteus wvulgaris,
B. schiitzenbachs.

The method of comparative physiology not only enables one to introduce some
corrections into the results obtained, but also to confirm the specifity of the bio-
chemical processes studied. The decrease in the ammonia content in the autolysates
of nitrifying bacteria made it necessary to show that such a decrease does not take
place in the autolysates of heterotrophic bacteria. The experiments were carried out
with the cells of Pseudomonas sp., Mycobacterium rubrum and Saccharomyces cere-
visige. The methods of cultivation of heterotrophic microorganisms have been
described above. The filtrates of autolysates were obtained in the same way as those
of Nitrosomonas. The results obtained are presented in table 6.

The following conclusions are indicated by the figures of table 6: —

1. In the filtrates of autolysates obtained from the cells of heterotrophic micro-
organisms an increase occurs in the ammonia content by approximately 30%, in five
days. No decrease in ammonia, which is so characteristic for the autolysates of
nitrifying bacteria, was ever noted. Nor did ammonia content remain unchanged
in any of the experiments.
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2. The autolysates of heterotrophic bacteria always contam nitrites but in a lesser
concentration than those of nitrifying bacteria.

3. Within five days the nitrite content of heterotrophic autolysates increases
by about two and a half times.

The above changes in the autolysates of heterotrophs are associated with a change
in the forms of nitrogen since the total N remains constant throughout the experi-
ment (table 3).

The above data show that there exists an enzyme which oxidizes ammonia.
In this connection it seems valuable to discuss the results obtained by Omeliansky
(1953) with Nitrosomonas cells. His attempts to oxidize ammonia from triturated
cells proved futile and this might have been due to several reasons. Thus, the nitri-
fying cells were dessicated prior to trituration, which might have affected the
enzyme activity. It will also be noted that the principal experiments were carried out
with a very old culture (4-month-old) in which Omeliansky himself noted degenerating
forms. The possibility is not excluded that Nitrosomonas cultures grown in flasks
in such small volumes, cannot yield, a number of cells which would suit these
purposes. It is also of importance that in these experiments a solution of ammonium
sulphate was added, whereas ground Nitrosomonas cells, even if washed free of am-
monia, are rather rich in NH, which is first oxidized. Nevertheless, Omeliansky’s
work was highly progressive, for at that time only a single oxidase laccase, was
known, and there was almost no information as to the chemistry of the oxidation -
processes taking place in the bacterial cell. Experiments with heterotrophic micro-
organisms showed that on incubation of these autolysates in a thermostat, the
ammonia content does not only fail to diminish but regularly increases. This is exactly
what would be expected as in the autolysates desamination of amino acids occurs.
Not only did the experiments on heterotrophs suggest that the drop in ammonia
content of the Nitrosomonas autolysates is strictly specific but certain indicat-
ions were obtained to the effect that in these autolysates two processes occur
simultaneously. One of them is connected with ammonia oxidation resulting
in a drop in its content, while the other should be accompanied by the
accumulation of ammonia, as there are no grounds for negating the possibility
of a parallel process of desamination. It is probable that proteins, peptides and
amino acids do not in these autolysates undergo the same changes as those observed
in the heterotrophic autolysates. If this be so, oxidation involves, not only ammonia
contained in the autolysates at the beginning of the experiment, but also that
formed in preserved autolysates. Hence it seems natural to conclude that the enzyme
responsible for ammonia oxidation is sufficiently active (as is the case in some experi-
ments), to oxidize all the ammonia almost completely. This assumption will probably
be confirmed by determinations of various forms of nitrogen in the autolysates.

It appears quite plausible therefore that nitrification is an oxidation process
consisting of several phases. At least two of them can already be indicated. The first
consists in ammonia oxidation resulting in the formation of intermediate products
which are similar to hydroxylamine, oximes and the like. These products are
accumulated in the cells in appreciable amounts as evidenced by the capacity
of nitrifying bacteria for endogenous nitrification, i. e. for the formation of nitrites
in a medium devoid of ammonium salts. It is this initial enzymatic nitrification
process that is particularly intense in the autolysates, i. e. transformation of ammonia
into an intermediate oxidation product. The amount of ammonia oxidized is signi-
ficant and hence a considerable amount of the intermediate product accumulates.
The toxicity of hydroxylamine does not favour the suggestion that this substance
is the intermediate oxidation product. Without foreshadowing the character of the
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compounds formed on the oxidation of ammonia, the enzyme responsible for this
oxidation may be spoken off as “ammon oxidase”. The activity of this enzyme can
readily be demonstrated by the above methods. Much less active is the second stage
of nitrification, consisting in the oxidation of the intermediate product to nitrites.
Cell-free nitrification results in insignificant nitrite formation as compared with the
reduction of ammonia. It should however be pointed out that in liquid cultures
of nitrifying microbe cells, the amount of nitrites formed is likewise much less than
that of oxidized ammonia. The possibility is not excluded that the enzyme responsible
for the second stage of oxidation requires different conditions for its activity than
those required by ammon oxidase. It may also be suggested that the formation
of nitrites is caused by an enzyme which is present not only in nitrifying bacteria
but also in some other bacteria. This is indicated by the formation of nitrites in the
autolysates of heterotrophic bacteria. These problems cannot be settled until
further studies have been made.

Summary

1. The possibility of cell-free oxidation of ammonia by Nitrosomonas enzymes
has been proved. The filtrates of the autolysates obtained from the cells of nitrifying
bacteria contain both ammonia and nitrites. Within five days, the ammonia content
of the filtrates decreases four times, eventually almost completely disappearing.
The total nitrogen content of the filtrates does not change, hence the possibility
of ammonia volatilization is excluded.

2. The enzymatic character of ammonia oxidation is confirmed by the fact that
boiling for 30 minutes and autoclaving for 10 minutes inactivate the filtrates.
Appreciable thermostability of the oxidative enzymatic systems of Nitrosomonas
brings them close to peroxidases.

3. Oxidation of ammonia is accompanied by the formation of a rather insignificant
amount of nitrites.

4. Cell-free filtrates obtained from autolysates of Nitrosomonas cells oxidize
hydroxylamine to nitrites thereby confirming the theory according to which hydroxyl-
amine is an intermediate product of ammonia oxidation.

5. The capacity to induce enzymatic oxidation of ammonia is specific for Nitro-
somonas. Incubation of the filtrates of autolysates from cultures of various hetero-
trophic bacteria does not lead to a decrease, but rather to a considerable increase
their ammonia content.

6. Oxidation of ammonia is apparently accomplished in several stages. At first
ammonia is oxidized to intermediate products which in their turn are oxidized
to nitrites. In filtrates free of Nitrosomonas cells the first stage is particularly active.
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FOLIA BIOLOGICA

Tom. I111. (1957) — Fasc. 3.

L-dopmu Gakrepmit

IV. Bausauue remnepatypsl Ha passutne L-nukaa y Proteus vulgaris n ero smauenue
AJIA BOBHMKHOBEHUA YCTOWYNBOCTH K IEHUIUILIUHY

M. HEPMYT
NHCTUTYyT 06Imeit 6MOIOrnE MEIHIMHCKOTO PaKyabpTeTa YHUBepCcHTeTa B BpHO

Iocmynuno ¢ pedarxyuio 22 X 1956

Honeunnwm sBenoMm L-puria passutus GaKTepuil ABIAETCA BO3BPAT K NePBOHAYAIb-
Holt GarrepuaJypHO! Popme. VHnMK ciroBamu, B paMkax L-mukia gyepes pasauanbe
nepexonHue GopMul (KpynHue Kpyrise Teasna — HHT, xpynuse mpogosarosarsie
reabra — RIIT, sneMeHTapHHE Teyblla) BOCCTAHABIMBAIOTCA T. H. BTOPWYHHIE
nasouxn. [Ipu usygennu L-dopm y Proteus vulgaris Hac uHTEpecoBaso fBa Bompoca:
1. ocymecrBaserca qu L-nuka npu remmepaTrypax Hiske 37° C u npu kKaxoit remmepa-
Type ellle OCyImIeCTBUMA pereHepaunud; 2. He OKA3HBAIOTCA JIN BTOPUYHLIE MAJIOYKU
0osiee YCTONYMBEIMM K NEeHNMUW/LIMHY.

Bunsinue TeMmepaTyps Ha pasBUTHe KPYNHHX Kpyrimx rteten P. vulgaris
IIOR AieficTBHeM NeHUIMILIINHA

Mamepuanw u memodura

M=l mosnp3oBanuch omHuUM mTaMMoM Proteus vulgaris (P,), a HeKOTOpHe ONLITH KOMOIHMUIM
cpaBHeHueM ¢ 3 mraMMamu P. mirabilis (P, P,, P;). Jlaa noceBoB npuMeHAdNCHh 18—24-4acoBhie
KyJbTYpH B GyIbOHe, T. €. yie B cTanuoHapHo#f ¢ase, uro Ob0 yA0OHO AJA HAUIMX ONKITOB
(o6pasyercss makcumym HHKT).

M=ur menaam moceBH Ha GJIOKM arapa, KOTOphie MH NPHKPHIBAJIHK CTEPHILHHIM MOKPOBHHIM CTEK-
JHIIKOM M 3aimBaim B mapadue. IlmtaTenpHad cpema comepama 259 JIOIIATAHON CHBOPOTHM
¥ NeHMIMIJIUH B KOHHeHTpanuu 2, 6, 10, 20, 40 ThcAY ex/mia. HoHTpodbHEE mpemapaTH COmep-
FHaynCh B TepmMocTare npu 37° G, onuTHHE — IIPU KOMHATHOM Temneparype (18—22° C) u B JenHuKe
npn remneparype or 0 xo + 6° C nmpu cpenHeit Temneparype okodo 4° C. Temmeparypa B JeTHHKe
KOHTPOJHPOBAJIACH exefHeBHO. Taxk Kak HAGIIONEHNA IIPeNnapaToB PON3BOAMIUCH IPH KOMHATHOMN
TeMmnepaType, TO AJA McciaefoBaHuit mpu 4° G 3aceBanoch IO MeHbIlell Mepe 4 mpenapara, ABa
M3 KOTOPHIX OCMATPUBAINCEH €KeTHEBHO, TpeTuil — 4epes 7 qHe#t, 4 MOCIEAHUN — TOJIBKO B IIEPHOL,
06pa3oBaHMA BTOPHYHHIX nasiodek. VI meMCTBUTENBHO, MBI yOeaHIMCh, YTO B pe3yJyibTaTe Npebhl-
BaHUA NPENapaToB M3 JIETHUKA B TeUeHUe HECKOJbKIX MHHYT €e[HEeBHO IPU KOMHATHON TeMmepa-
Type o0pasoBaHHe NAJO4YeK YCKOPANOCh NPHOIMBNTEIBHO Ha 12—24 waca. Mul feladM CHMMKH
Ha KuHomieHKY Foma-repro ortho I1I, o6rusO ¢ momompio ¢asoBoro KoHrpacra (kpoMe puc. 6).

Pesyavmamut

Pacemorpum pasButue Proteus mpu mcciegyeMHX TeMIepaTrypax ¥ PasingHBIX
KOHIIeHTpalNAX NeHNUIILINHA.

2000 ed. Hpu cuumennoii remneparype passurue HKT nmporteramno mo cymecTBy
TAK jKe, KAK U B KOHTPOJBHHX npenaparax (mpu 37° C). I'naBHas pasHUI@ 8aKIIO-
4aJach B 3aIa3IHIBAHUN PasBUTUs, B 00IIEM NPONOPLHUNOHAJILHOM CHMKEHMIO TeMIle-
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patypsi (taba. 1). JlpyrumM oTauunTe bHBIM HpH3HAKOM 0blia CKJIOHHOCTH K 06paso-
Banuio L-wosonmit (puc. 6) B KOHTPONBHHIX Iperaparax, He HAOJIOfaBIIAACH IIPH
romHatHoi# Temueparype. Hpu 4° C MBI 0TMETUIN HECKOJIBKO cI0cOG0B 00pa3oBaHuA
BTOPMYHEIX NaJIouek (puc. 18):

a) HamGouee qacro BeTpeyaerca oTnoOYKOBaHME BTOPMYHBIX [ATOYEK HA OJHOM VK
Ha oboux mosmocax HIIT (puc. 2). 10 — camsiit pacnpocTpaHenHH c10c06 1 PN
Oostee BBICOKNX Temmeparypax. OH 6bur yie Hamu omucan (Hepmyr u Hewac 1954);

0) menee wacro BerpeuaercAa mosaapHasa ¢parmenrauus (Hepmyr m Hewac 1955),
3aKJII0YA0MASACA B NIOCTEIICHHOM pacliajie TeJjell Ha Bce Gollee u Gojiee Menxue @par-
MEHTH — BILUIOTh [0 BOBHHKHOBEHHA IIOYTH HOPMAUIBHHIX MAJIOYEK;

B) IOCJIEJHUM CII0COOOM SIBJIAETCA T. H. CETMEHTAIMSA, KOT[A Tejblle CcHAYaa pas-
pacTaeTcA B [UIMHY (B IUPUHY 0HO OBIBAeT KAK TOJCTOE BOJIOKHO M B TeY4eHHe pocTa
eme 6oJibllle yTOHYAETCA), & TIOTOM PAs/eAeTCs MOYTH OHOBPEMEeHHO Ha HeCKOJIBKUX ~
MecTax Ha 0oJiee KOPOTKHUE OTPE3KM, — HOBHE MAJOYKH.

6000 ed. B xoHTpONBHEX mpemaparax Gpocasces B ruasa Geictpoiit pacmag KKT
HA TUIUYHEE CKOIJIEHUA 3ePHUCTOCTH (puc. 3), M3 KOTOPHX He Pa3BUBAJINCH HU IIa-
J109KM, Hu L-KostoHnK. 3aT0 IpU KOMHAT-
HOII TeMIepaType 3gecs 4epes3 30 gacos
HAYMHAJIACh pereHepaniA BTOPUYHBIX
TIaJIOYeK TOR0OHO TOMY,, KAK B JIEAHUKE,
HO TOJBKO TaM OHH IIOABJIAJINCH Yepes
6—7 pueit. Pacnmag KKT ocymecrsaanca

b C—M’——_/:)O%%oiétfﬁ u npu 4° C, HO BO MHOTO pas MejlJIeHHee

== 1 9acTO He IOJHOCTHIO. BOKpYr Heko-

TOPHIX IMIApOB ObIBAJIM 3aMETHBHI MEJIKNE

KPYIUHEN, pasMepamn okos10 0,4—0,6 u

c f::“’:‘——‘:m (puc. 9). Cayga1 pereneparum Gamnui-

JaApHOH GopMel ObIBAIN He TAK MHOIO-

Puc. 18. a) OrmrypoBka najnovex na kKonue KIIT, 4YHCIEHHBH, Kak 7y IIpellecTBYIOIeH

b) nonspras ¢parmentanus, c) CerMeHTaNMA. KOHIIEHTPAUUMU MNeHUIUIMHA; WMCXOJ-

{Cxema.) HEIMM OOPa3OBAaHMAMU [IA HHUX OeIN
Hemuorouuciaednsie KRIIT (pue. b).

10.000 ed. B ronTpoabHAIX IpenapaTax onArsk Habmonasncs osierpsiii pacnag KKT.
Tosbko B OTHENBHBIX CIyYadx HACTYNAJA ellle PereHepanuA najgodex. B npemaparax
npu KoMHATHOM Temneparype pacnag HKT B rpanynspusie Maces mpoTexas ropasmio
yMepeHHee U K 24-My yacy BO MHOTUX CAy4asax HACTYIAJa pereHepanus 6aniapHoil
dopmer uz KIIT. ¥V mrammos P, u P, uepes 10 u 17 gmeii BHpacTanu oTgesnbHbe
L-KoJIoHUM, U3 KOTOPBIX 110CJIe UX MepeHeceHu A B cpeny 0e3 MeHAMIINHA B aHAdPOO-
HEIX YCJIOBUAX BosHUKau namouku. Ha pue. 17 mokasaHsl BosiokHA, BHpacramolie
Y3 MeJIKMX M KPYNHHX IIapHKOB, B3ATHX U3 L-kosonunii. Yepes 6 4acoB u3 o9Tux
TIPOJIOJINOBATEIX Telel 06pa30BalCh MHOTOYNCIIEHHEIE BTOPUYHEE TAJIOYKH.

Ipu 4° C pacmag KKT ocymectsisics 4pesBodaiiHO MeIJIeHHO, U TOJLKO Yepes
7—9 nueit o6pasopasucs KIIT, a us nnx norom uepes 10—14 gueit — HOBBIe NATOYKK
(raba. 2). IlepBaa remepannsa BTOPMYHBIX TAJIOYEK OOBIYHO MO (POpMe HECKOJILKO
OTJIMYAETCA OT HOPMAJBHEIX OakTepuil: oHM OHBAIT OOBHIYHO ToJIle U ¢ (ojee 3a-
OCTPeHHBIMU KOHIAMM, YTO B HOPMaJbHOIl KYJbType HUKOIJA He BCTPEYACTCH, XOTHA
Proteus, kKak M3BecTHO, MPUHAMIEIHAT K MUKPOGAM, B 3HAYATEILHON CTETIEHU MOJIN-
MOpQHEIM.

20.000 €3. B KOHTPOIBLHHIX Ipenaparax HaGJIIOMAJCH BCerpa OBICTPHIA (B TedeHue
6—8 uyacos) pacnag KKT B wapuku pasnuusoii seawuunn. Hu ¢ L-womonusamu,
HU ¢ pereHepanyeif Mel He BCTpedaduch. Jlummb B ofHOM ciayuae us 10 mbl gobuiiuch
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pereHepanuy nanoyYex, HO TOJBKO TOCJe IepeceBa HA CBEKYI0 NUTATEILHYIO CPEeRy
¥ B aHA9POOHHIX YCJIOBHAX.

[Ipu komHaTHOW TemmepaType CIIOCOGHOCTH K pereHepamuu y BCeX IITAMMOB
coxpausaacs foaro. Taxk, y mramma P, peresepanus BrOpUYHEX NaJ0YeK HACTYIIAAA
Beerja gepes 3—4 nusA, y mramma Py vepes 10 nueit Buipacramu L-komonun, koTope
‘Ha cpefle 0e3 MeHMNWINHA CHOBA AABAJ NMANOYKHM. Y OCTAJBHEIX IITAMMOB dYepes
17 pueit manmouxu BEIpOCTH Ha cpefe 6es MEHNIMJ/UIMHA TIPU adPOGHEIX YCJIOBHAX.
Hyabrusanusa npu aHaspoOGHHIX YCIOBHAX AaBaJa OTPULATEIBHEE pPe3yJBTATH.

B xonopunpamke uepes 12—14 ameii o6pasoBammcs KIIT, a us mux, HaumHas
¢ 19—23-ro gusa — HoBre nagouku. M3 atoro BugHO, KaK K0ITO COXpaHHETCA HHUBHe-
€10COGHOCTD KiIeTOK GarTepuit (Mim ux ¢parMeHTOB) IIPH DOHMKEHHOM TeMIlepaType.

40.000 0. Tlpm Takoif BHICOKOM KOHIEHTPAUMX MH IPM BCeX TeMIepaTypax
Ha6uopanu pacnan HKT B TunmmdHbe MesIKKe CKOIUIEHUsA IIAPUKOB, MJIH ke 06paso-
BaH¥e 3ePHUCTHX 11apPOB, KOTOPHE IOCTEeNeHHO pacnaganuck. Clexyer NOJUEPKHYTE,
9ro npu aTof KoHueHTpanuu npouenT KKT GuBaer snaunrensno mennme (Hepmyr
u Hewac 1956). IloaTomy B mpenaparax npeo6iafalorT Najoukd, M0 GONbHIeH dacTH
1IyCTHE, C OTYETIMBO BUAMMOM 3€PHMCTOCTBIO. JTH NAJOYKHM C TEYEHHEM BPEMEHH
TaK#e pacnafaioTca. B npumMokypTypax MH HUKOrZA He HAGJIONANH pereHepaLyu.
B onnowm caryuae nmpu koMHATHOl TeMmepaType M Hauumd y mramma Py 4 L-kosoruu
Tina 3 A, U3 KOTOPHIX TOJILKO B adpo0HOI cyGKyabType BHpOCIu KooHuu Proteus.

XapaKTepHHM PpesyJbTaTOM BHICOKNX KOHIEHTpPAauMii MeHMW/IAHA (HAaIMHAA
¢ 6000 n priue) asnsAerca pacnax KKT, koTopui HaunHaeTca 09eHb CKOPO, B 0co6eH-
HocTH B Temie. Clleqyer MOJuepKHYTh, 9T0 OH MPOSBJIAETCA HePABHOMEPHO, T. €. MO-
pasxaer He Bce mapH ofHoBpemenHo u pu 37° C OnBaer cuiabHee U GHCTpee, YeM NpU
KOMHATHOH TeMIeparype Wiu B Xojopuiabunke. Puc. 4 muaocrpupyer HepaBHOMep-
Hocts passutua KKT: meworopsie KHKT mpeacrasisworea emle OgHOPOTHHMH,
Jpyrue — BaKyOJIUSMPOBAHHHMMY, & OCTAJbHEIE PACHAMAIOTCA B MEJIKYIO WM KPYITHO-
3epuucTyio Maccy. HexoTopmie maph OKasHBAIOTCA JOBOJIBHO KPYIHKMH (OKOJIO
0,8 u) u, Mo HaMUM HAGTIONEHNAM, B TedeHMe AAJbHEMIIero pasBUTHA MOTYT elle
Gosbine yBenmuuBaThesa (M0 1—2 u, pue. 12) wam BakyosusmpoBarbes (AHA depes
2—3 nocae pacnaga KKT). Bakyoan BHavase GuBaioT coBceM HeGOIbINMMH, IO3HEE
BHAYATENBHO yBeawuusawTes (puc. 13, 14). Tax rax sepHucTOCTH pacmosaraercs
O0BI9HO HEGOJBIIMMY IPYNNAaMM, TO YACTO U U3 BAKYOJMSHUPOBAHHEIX LIAPOB BOSHHU-
KaIOT rpo3AbeBUHbEe 00pa3oBaHNsA, HAOMIHAIIME UHOTAA (1 [0 pasMepaM) CHILHO
Baryosausuposanubie KHT (puc. 11). Baxkyoau 0651980 GHBAIOT OKPYHEeHH OCTATKAMA
IepBOHAYAJIBHON INIABMEL B BUJIE KaiMbI Wil HeGoabioi mogkd (puc. 15). Ananorumo
BOBHUKHOBEHMA BaKyoJjell B IIapax MOKHO BUJETh B T. H. L-opranusmax, rge Msl
Habmoanu mofo6Hoe ABIeHUe IOCHTe [epPeHeCeHUsl IEMEeHTAPHKEIX Tellel] Ha HOBYIO
Cpefy: y MBOJIMPOBAHHHIX Tedel] oOHYHO HAaYMHAJACh BaKyoJusauus (puc. 16).

[logBomsA MTOrU OTHETHHEIX ONEITOB, MOMKHO CKa3aTh, 4TO CHIKEHHE TeMIEepaTypH
BHISBIBaeT Npexpe Bcero samepienue passutua KKT, koropoe sicHo Bhpameno mpu
4° C 1 MeHee BRIDABUTENBHO, PAadyMeeTCH, IPX KOMHATHON TeMIleparype. 3aMeJeHue
oTpaskaerca B o0ueM 6JIaronpuATHO HA pereHepanuu GanuiIApHORE QOPMEL: TaM, e
upu temneparype B 37° C KRT 6nicTpo pacnaganuch, He HaGI01a10ch OGEIYHO BOC-
CTAHOBJIEHNA BTOPHYHHIX NMAJO0YEK, TOIAa KaK IpPH TOM ’Ke KOHIEHTpAIMy MeHUIMJI-
JIMHA, HO Gojiee HUBKMX TEeMIEpPATYypax — HACTYNAJa pereHepanus. B HeKoTOpHX
cJIy4asax MH HaOmaofaau (IpM KOMHATHON TeMIeEpaType) BOBHUKHOBeHUe L-KoJIOoHMik
Jlame M NPU TAKUX BHICOKUX KOHIEHTpanuAx, kKak 20 u 40 ThcAY eq/MII, YTO HUKOTAA
He Habmionamocs mpu 37° C. MomHO yTBepsKgaTh, YTO KOMHATHAs TEMIEPaTypa

siBiseTcA HauboJsiee OJIarONPUATHON JJIA BOCCTAHOBJIEHUA OGauuiuiApHOH ¢opmu

Proteus. ,
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JpyruM TUOMYHEIM peBYJIbTATOM HHUBKHX TEMIEpPATyp HBIAETCH CKIOHHOCTD
K poery B pauny. Mul Hukorpa me HaOaiofanu cilydaeB BOSHMKHOBEHMA BTOPUYHBIX
nanovex u3 KHT myrem T. H. 1meHTpanbHON (parMeHTalny, TaK 4TO NPAKTUYECKU
€MHCTBeHHKIM DJIEMEHTOM pereHepalyy IIpM IIOHMKEHHOII TeMIlepaType ABIAKTCA
KRIIT (kpome Meiikoii 3epHHCTOCTM — dJIeMEHTAPHBIX TeCeL], — IIPENCTABIAIONMIX
ocHOBY L-romounit).

Pesrome

Mur ucciepoBasu passutne KpymHerx kpyrasix Teiern (KHT) Proteus vulgaris
u P. mirabilis npn remmeparype B 22° m 4° C w npu BO3AEHCTBUH pPasJIUYHBIX
KOHIleHTpanuii neHnmInga (2, 6, 10, 20 u 40 Teic. ex/mi).

1. Ilpu xomMHaTHO! TeMmepaType MH HAGIIOAAMM MOJHBIA M HemOJHBIA L-1puis.
[IpepBaHHENA UK TOKA HAM He BCTpedaJICA.

2. Ilpu 4° C Habm0KaJICA TOJBKO HEIOJNHHIN UK.

3. llpu mecnepyemeuix temmeparypax pacmag HHT u perenepanusa BropudHbeIX
NaJI049eK C TOHMKEeHNeM TeMIIepaTyphl 3aMej|JIAIOTCH.

4. Cnoco6Hocrs KKT (wan e KpynHmx mpoOmosIroBaTHX Tejel) o0pasoBaTh Ia-
JIOYKM NPH IOHUKEHHOI TeMIlepaType coxpaHsAercs fosblie, dem npu 37° C, pasxe
npu GoJiee BRICOKMX KOHIEHTPALUAX INeHUI[MJLINHA.

3navenne L-nurna GaxTepnit AJA BOBHUKHOBEHUA YCTONYMBOCTH K NEHUILINHY

JliA BHIACHEHHMA BONPOCA YCTOWYIMBOCTY BTOPUYHHIX IAOYeK B HEHNIMIJINHY MBI
MOCTAaBUIIN CJefylomue OmuTH: 1. maccamu kyusrypel Proteus vulgaris B sugsux
¥ Ha ILNIOTHHIX cpeflaX ¢ NeHWLMJIHHOM; 2. OmnpefesieHne YCTORYMBOCTH BTOPUYHBIX'
najioyex, Bepocunx us ogHoro obmero HHT; 3. onpenenenne cogepsranusa meHANII-
JuHA B Kyabrype P. vulgaris B 6yubone.

Memoduxra

Onpenenenne 4yBCTBUTEIbHOCTH NMajdovek Proteus K MeHNIMIIMHY NPOM3BOAMIIOCH IO METOAY
CepuitHBIX pasBejeHHit (3-uacoBoif KyJAbTYpHI). MBI Jedaii Maccaku UIU B CHIBOPOTOYHOM OyIbOHe
(259%), nan Ha 6moKax arapa ¢ 2000 ex/ma (anaspo6Ho). Copeprianue MEHNIUIINHA MBI OIIPelle A
MJIM ¢ TIOMOINBI0 MOMOMETPUH, MJIM IO MeTORY JmHelHoMi pupdysun mo ITewexy (1952).

Pesyavmamur

C nomobio maccazeil B KUIKON cpefe He ORIIM MOJNyYeHH OJHO3HAYHEIE PE3YJIb-
rarel. Iloce 6 maccaskeit e HabmoORaNIoCh CKOJBKO-HUOYAD 3aMeTHOTO ITOBLILICHUS
YCTOWYMBOCTH K TMEHUIUIIUHY .

Ilpn crepylomux onmelTax Mul gesanu maccaxu Proteus Ha moTHOIl cpepe ¢ meHu-
NUIIAHOM M IIPU eyKeJHeBHOM MUKPOCKOINYECKOM KOHTDOJe OTMeqau IpPOIeHT
obpasosanusa KKT gepes 2 yaca nocisie mocesa, a Taxsxe BpeMA 1 ¢1I0c0o0 pereHeparuin
BTOPUYHEIX TajIoueK. MBI MCXOAMIM U3 TOTO IIPEAIOJIOMeHNsd, 4ro y Godee ycToii-
4uBHX nagodek npouecc pereHepamuu us HHT posxen nporekars OpicTpee u 4TO
Yepes OmpeflelleHHOe BpeMs HAJIO0YRM BooOlLle MOJKHH nepectats o6pasoBare KKT.
M=t npoussesu B o0uiem 27 maccameii. OnuieM c;xaro, Kak o6ujad KAPTUHA PeaKIHy
HA NeHMIULINH MeHAJach B TeueHUe Naccamkeii. Buadase, mpu mepeom maccame,
949, majiouek pearmpoBajio obpasoBanuem HHT. Peremepamus ocymecTBiaanach
o6nunEM ciocobom gepes 30 gacos. IIpu 19-om maccame oxoso 409, nasodek obpa-
soBasio KKT u perenepanus rauyiacs 4 qua. [lpu nocmegnem naccase HRT o6pazo-
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BaJIMCh TOMBKO B 5%, CiIy4aeB, a pereHepanus He GlIa OTMeUeHA HU HA OJJHOM IIpe-
" napare. [109TOMY MBI U He MOTJIN Y3ke ONPefeMTb [0 IVIAHY YCTONINBOCTD BTOPUIHEIX
NaJ09eK K MeHUIMLIHY nocie 30-To naccaxa. 3anasasBaHue pereHepanuu rpadu-
wecku npejcrasiaeHo Ha puc. 19. Haunnas ¢ 9-ro maccasxa, moYTH Ha Beex Ipemnaparax
Berpevanncs L-kononun (tuma 3 B), wacto cay:kusiine euHCTBEHHHIM MCTOYHMKOM

i
151 :1’
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5
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Puc. 19. IlpopseHne nepuopa peresepanuu Puc. 20. Bananue TemmepaTyphl Ha NajeHue
Bropnyueix naiouek usa HHT B Teuenue YPOBHA MeHMOMIUINHA B (QUBHOJIOTMYECKOM pac-
maccakelt Ha INIOTHON cpeme C IEeHMIAI- rBope. Och X: KonmdecrBo AHel, och Y: KOdH-
auHoM. Ochk X: KOIMYeCTBO maccameit, och 4ecTBO eJl. MeHMIMIIMHA B 1 MJI B THicAYaxX. | Kpn-

Y: BpeMda pereHepalMd B JHAX. pan: 37° C, I wpmsas: 22° C, I1I kpusaa: 4° C.

BTOpuuHEX najodek. Haunuasa ¢ 21-ro maccama, L-kononnn Ha HeKOTOPHIX mpema-
parax yme He TOABJIAJNHNCH, & PereHepanus dacto Habmonamach Tombko Ha 1 us
3 npenapatos. Bee aTH ABIeHMA 0O9eHb HAIOMUHAJN KaPTUHY, HaGJIONABIIYIOCA PN
_ BoafelicTBMM ropasgo 0Oojiee BEICOKMX {08 NEHUIMIIJIMHA (6—40 Thc. em/ma —
Hepmyr u Heuac 1956). Taxum 06pasoM, U 9TOT OIBIT He CBUMETEIBCTBOBAI O MOBH-
eHUM YCTOWYIMBOCTA BTOPUYHHIX IAJOUEK IO BIMAHMEM MHOTOKDATHOTO KOHTAKTA
¢ TIeHUIMIIIINHOM.

[MosToMy MBI DPUCTYNMIM K ONpPEJeeHNI0 YCTOXIMBOCTH BTOPUYHEIX MAJIOYeK,
posunkumx n3 KKT npu mpamom MuxpockonudeckoM koHtpote. Wa obmero xoau-
uecTBa npuGimusuTesbHo 100 nsonAnwmit Ham 52 pasa yAAIBAOCH MOAYIUTH BFOPHYHBIE
nasouky us ogHoro KKT,u onpenenuTs y HUX YyBCTBUTEJIBHOCTh K NEHUIMJILIMHY.
B 37 caryuasx oHA COOTBETCTBOBAJA KOHTPOMIO, B 3 ciydaax 6muia Beuue (Ha 1 mpo-
6upky), a B 12 cryvaax — Hume. Bo Beex cilydasx HecOOTBETCTBUA KOHTPOJIO Gua
OTMedeHA HEKOTOpas pasHUIA B IOMYTHEHWU pas3BelleHUA KYJbTYpH B CPaBHEHUH
¢ KouTpoJieM. BHauasle MH He NpUJABAJIM STOMY BHAYEHWs, HO OIBITH IOKA3aJH,’
9TO MX PE3YJIBTATH B 3HAYHTEJHHON CTEIIEHN 3ABMCAT OT KOJUYECTBA KIETOK. ¥ CTOMH-
quBoCTh KoJIebanach B rparunax or 500 go 2000 ex/ma. Oxasasock, TakuM oGpasom,
9TO YCTOWYMBOCTH BTOPMYHBIX IAJOYEK He IOBEINAETCA CKOJbKO-HUGYAB Cyle-
cTBeHHO. MeTox pasBejieHuil [JIA ONpe/ieIeHUA YCTOUIMBOCTH He HCKIII0YaeT BOBMOK-
HOCTM HEKOTOPOTO TMOBHIIeHNA ycrohuumBoctu. Ho, xKak msBecTHO, He3HAUNTEJbHOE
MOBHIIIEHNE He AOIKHO OHTb 0673aTelbHO CHeruduIecKuM, OHO MOKET BHIBHIBATHCH
HETOYHO OTMePeHHHIMH [03aMH AJIA NOceBa M T. . M mOTOMY ¥ nmpupep:xuBajuch
BTOr0 METOHa, UTO OH, OJarogapA CBOejl HeCHMIIKOM GOJIBIION YyBCTBUTEJNBHOCTH,
MCKJIIOYAJ 9TH Hecnenuduueckne oTkiIoHeHuA. Heobxonumo emie mog4epKHYTH, 4TO
IIpM BCeX WCIOJb30BAHHEIX HAMM 0 CHX HOD KOHIEHTPAUMAX NMeHuuuimHa (0T 7 10
40 THIC. ea/MuT) MH Beeraa Berpedaduck ¢ odpasosanueM KHKT u 9ro npu konnenrpa-
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nuAx B 2000 ef/MJI u BHIIE MBI HUKOIIA He HAXOJIWJIM MaJI0YeK, KOTOpPhe Pa3MHO-
aauch OW NpPAMO, He MpoXofA L-ruxia. llockonpky HeroTOpHE mMamO4YKH He
obpssosaasm HKT, ouun ormmpamm u pacnagamucs.

Ecau Bropmunee majouxu me YCTOMYMBH K NEHWIWIMHY, 9TO O03HAYAET, UTO
COAepaHue NEHNIWIINHA B IEPHOJ PEreHepauy OKHO ObiTh 3HAUMTETHHO HIKeE,
9eM B Havavle onuta. Ecsm 910 TaK, TO HEOGXOTUMO VCTAHOBUTE NPUYUHY ero yMeHb-

9014
5 —0 X .- —
. 4
!
57 3
1
U 2
254
b 1
0 3 ) 1 0 3 3 9 12 2
Puc. 21. Tlamesme ypoBHA mNeHWIWIINHA Puc. 22. llagenne ypoBHA NeHMUWITMHA B
B Oysnbore npu 37° C. Ock X: Kommuectso KRyJasType Proteus vulgaris npu 37° C. Oce X:
JHCH, OCh ¥: KOJMYECTBO eMHMII ICHHIUI- BpeMA B 4aCaX, OCb ¥Y: KOJMYECTBO EMMHMI
JIMHA. neHNnuIInHA Ha 1 Mo B TeicAYax. Kpusas K:
KOHTPOIIb.

wenus. IloaTomy MBI McceoOBaM cHAYaMa, KAK MAgaeT KOJMYECTBO HeHUIIIIINHA
B JRIJKOMU cpejie B CBA3M ¢ Temueparypoii. IIpu mepsrix ke ombiTax 0Kasax0Cch, 4TO
nanenue copep:aHuA NeHnnuwiauea 1npu pH 55—6,0 B snauurtesbHO# cTemeHm
BaBUCHT OT TemuepaTypkl (puc. 20): B Tepmocrare (upu 37° C) THTp IeHMIMILIMHA
¢ mepoHavanbHEIX 16.000 ex/ma ynam B Tedenme 6 pmueit mo 1800 e/Mi, T. e. Ha
88,89%; mpu komHATHOH Temueparype Habiogatoch mamenume ¢ 16.200 ef/My Ha
14.400 en/mat (na 11,2%), a B aeguure (4—6° C) ¢ 16.500 na 15.200 en/mi (Ha 89,).
OTH NOKA3aTeMN OBUTH YCTAHOBJIEHBl MOTMMETPUUECKUM IIYTEM.

ITpu npyrom omwire mMut ¢ momMompbio TuddhysmoHHOrO MeToxA OTIpefleIAIN MajieHne
cofep:raHusA INeHNUNIIMEA B 6yiabone. Kar nokasmBaer puc. 21, xapakTep KpuBoii
8/1eCh IpaKTU4eCKH oTBevaeT kpuBoii npu 37° C ma puc. 20. 1a 9roro BEITeKano G,
4TO B IIEPHOJ pereHepanuu naxodex (depes 24—30 gac.) cofepsanue MeHUIINILINHA
BCe ere Gbljl0 OBl OY€HB BHICOKMM, 4TO IPOTHBOPEYMIIO OBl PEsYJIbTATAM HAIINX npen-
eCTBOBABIIMX ONbITOB. [loaToMy MEI mpuHympens: 6w MpoCTeUTh MBMEHEHUsH
YPOBHA NEeHUUNIMHA B cpefe, 3acesanHoit 18-9acomoit kyubrypoit P. vulgaris.
IIpn HecKOIBKUX HEPBEIX ONBITAX MH ONpeNeATN HepPBOHAYAILHOE U KOHEUHOE
Cofiepsranne NMEHNUUIINHA, T. €. ero Cojlep/KaHue B IePHON, KOTJA OBLIA OTMeYeHa
perenepanuA najnodex. B nepnon perenepanum ero copepranue Guiaio Becerga Hixe,
yem 0,03 en/mir, T. e. mpaxTudeckn paBHANOCH Hys0. UTOGH BEIACHUTE XOJ KpuBOt
HafeHNs CO/lepPaHNA NeHNIWINHA B KyJbType, MBl OTMEYaJul COflepHIaHue TeH!-
LUJIIMHA Yepes Kazisie 3 yaca BILIOTE 0 36-r0 vaca (puc. 22). Konrpoasnas kpusas
38 UCCJIeNlyeMBIll OTPE30K BPEMEHU IPAKTUYECKH COBCEM He CHIKAETCH, TOIJA KAK
ONIBHITHAS KPUBaA NajlaeT 04eHsb Grictpo (Tabur. 3). B aror mepuon (¢ 3-ro mo 12-kii ac)
KYJAbTYPEE COCTOAIM NPEUMYIIECTBEHHO 3 IUAPOB CPeHUX pasMepoB (0K0a10 5—10 u),
a oxono 109% cocraBiamu masouku miM ux ocratku. Ilamgouxu He GbiBaIM OHO-
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PONHEIMU ¥ He TPOABIAJM IPUSHAKOB POCTA WM pasMHOuteHus. PereHepauus
BTOPUYHHIX MAJ0YeK HAYMHAIACH TOJBKO ¢ 24-T0 9aca ¥ MOJTHOTO Pa3BUTHA HOCTUraIa
k 30-my uacy, T. e. HaumHaJach yepes 12—15 4yacoB mociie mMafieHUA COfepHKAHUA
TeHNLWIINHA 10 cy60aKTepHOCTATHIECKUX BeJINYUH. JTH Pe3YJILTAThl 0YeHb BarKHHI
U CBUJETENbCTBYIOT 0 3HauuTeapHOh crnocobnocrn HHT pacmennars neHnuuIing
Ha ero WHAKTUBHBIE COCTABHEIE YACTH.

Pestome

1. Bropuunse nasouxu, pererepupyiomue u3 KKT Proteus vulgaris, ne OLIBAIOT
Goslee yCTOWUMBHMHA K NEHMIMIMHY, 9eM IePBUUHbIE (MCXOJHE).

2. Copepanie NeHNIMLINHA B MRUAKON cpefe B IepHOJ pereHepanuu MpaKTH-
decku paBHAETCA HyJ0. PereHepanua HauuHaercs NpuGIMBHTENBHO vepes 12 gac.
TOcJIe MafieHus COfep:KaHnsA NeHNIWINHA A0 9TOTO YPOBHA.

ABrop moJaraer, aro L-muki Gakrepuit He uMeeT Kakoro-HuOyAb 0c060T0 BHAYEHU
JJIA BOBHNKHOBEHMA HITAMMOB, YCTOWYMBHX K HNEHUIMILIMHY.

(Taba. XIX, XX, XXI).
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L-forms of Bacteria

IV. The Influence of Temperature on the Development of L-cycle of Proteus vulgaris
and its Significance for the Development of Resistance to Penicillin

M. NERMUT

Summary

The final link in the L-cycle of bacteria is their return to the original bacterial
form. In other words, “secondary‘‘ rods regenerate within the L-cycle from various
preceding forms (large bodies, long bodies, elementary bodies). When studying
L-forms of Proteus vulgaris, two questions were of particular interest: 1. Whether
the L-cycle would take place at temperatures lower than 37° C and at what other
temperatures could regeneration of secondary rods take place, and 2. Whether
these secondary rods were more resistant to penicillin than the original rods.

The Influence of Temperature on the Development of Large Bodies of Proteus vulgaris
Produced by Penicillin

Work was carried out with strains of P. vulgaris and P. mirabilis using the method of agar blocks
(anaerobic) at temperatures of 4—6° C, 22° C and 37° C. The concentration of penicillin was 2, 6, 10,
20 and 40 thousand units/1 ml.; the medium contained 25%, equine serum. Phase contrast photography
was carried out with a cine-film Foma repro ortho II.

Table 1.
2,000 units PE/ml. Formation of LRB Regeneration of Remarks
secondary rods
37°C 2 hrs. 24—30 hrs.
22°C 4— 6 hrs. 24 —48 hrs. Occasionally after 15 hrs.
6°—8°C 8—24 hrs. 5— 7 days Comm. 5th day,
ends 7th day
4°C 16—30 hrs. 8—10 days Comm. 8th day,
ends 10th day

The results are summed up in part in tab. 1 and 2. A decrease in temperature
leads primarily to a slowing down in the development of large bodies. This is very
clearly expressed with a temperature of 4° C and is—understandably —less evident
at room temperature. Slowing down is seen to be propitious on the whole for rege-
neration of the bacillary form. In cases where the large round bodies rapidly
disintegrated at a temperature of 37° C, regeneration of secondary rods did not, as
a rule occur, whereas it occurred at lower temperatures, with the same concentration
of penicillin. In some cases the development of L-colonies (at room temperature)
was observed with concentrations of penicillin as high as 20 and 40 thousand
units/ml., whereas at 37° C this never occurred. It may therefore be said that room
temperature is the best for regeneration of the bacillary form of Proteus.

A further typical feature of lower temperatures is a tendency to elongated growth.
The development of secondary rods from large bodies by central fragmentation was
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Table 2.
Cone. Formation | Disintegration | Formation Regenera- Formation
Temp. PE in of of of tion of of
thous. LRB LRB LLB rods L-colonies
10 2 hrs. 8—24 hrs. - 24 hrs. -
37°C 20 2—4 hrs. 8—24 hrs, — . — —
40 6—12 hrs. 12—24 hrs. - — -
10 4 hrs. 1—3 days 12 hrs. 24 hrs. 17 days
22° C 20 4 hrs. 1—3 days 24 hrs. 3—4 days 10 days
40 8 hrs. 2—5 days - — — 10— 14 days
10 8—36 hrs. 3— 5 days 7—9 days | 10—14 days —
4°C 20 1—4days 6—10 days 12— 14 days | 19—23 days —
40 1—4 days 7—14 days — — -

never observed, so that at low temperatures the large long bodies are virtually the
only regenerative element (apart from the small granules, or elementary bodies,
which form the basis of the L-colonies).

What is the significance and position of the large long bodies in the individual
types of the L-cycle of the bacteria ? In the first place, what is their relationship
to the large round bodies ? It cannot be said that they are identical with the large
round bodies, for reasons of difference in form and function. The large round bodies
are for the most part spherical in shape, whereas the large long bodies are elongated,
usually bipolar and sometimes tripolar. Sometimes they are thin and very long,
sometimes thicker and shorter (figs. 1 and 2). They are a further stage in the deve-
lopment of the large round bodies, a stage capable of regeneration. The large major-
ity of large long bodies regenerate into rods. That cannot, however, be said of the
large round bodies. It is known, for example, that with higher concentrations of
penicillin the large round bodies disintegrate. On the other hand, development of
elementary bodies from large long bodies was never observed, only from large round
bodies. Large long bodies, therefore, are one of the possible stages in the development
of the large round bodies and according to our experience develop more frequently
under aerobic conditions than under anaerobic conditions and at low temperatures
rather than at high temperatures (i.e. 37° C) and also in the presence of certain
growth substances (e.g. from yeast cells). They occur most frequently in an in-
complete L-cycle, less frequently in a complete cycle and never in an interrupted
cycle.

Conclusion,

A study was made of the development of large round bodies of Proteus vulgaris
and P. mirabilis at temperatures of 22° C and 4° C under the influence of various
concentrations of penicillin (2, 6, 10, 20 and 40 thousand units/ml.).

1. At room temperature a complete and incomplete L-cycle were observed. An
interrupted cycle has so far not been observed.

2. At 4° C only an incomplete cycle was observed.

3. At the temperatures investigated disintegration of the large round bodies and
regeneration of the secondary rods takes place more slowly, in direct relationship
to the fall in the temperature.
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4. Ability of the large round bodies (or of the large long bodies) to produce rods
is maintained for a longer period, and with higher concentrations of penicillin, at
temperatures lower than 37° C.

The Significance of L-cycle of Bacteria for the Development of Resistance to
Penicillin

Investigation of the question of resistance of secondary rods which regenerate in
the course of a complete or incomplete L-cycle is important for comprehending the
biological significance of L-forms of bacteria. Troitsky and Pershina (1950, cited by
Mélek 1951) are of the opinion that the new rods are more resistant to penicillin
than the original rods.

Other authors especially Dienes and Weinberger (1951), Joiris (1955) and
Schnauder (1955) take the view that the secondary rods are not more resistant to
penicillin than the primary rods. An attempt was made, on our own material, to
throw light on this question. The following experiments were carried out: 1. Deter-
mination of the resistance of secondary rods which regenerated from one large body,
2. Observation of the penicillin level in a broth culture of Proteus up to the time of
regeneration of the secondary rods.

Large bodies from a broth containing 1000 units of penicillin were isolated by the
Lindner drop method and regeneration of the rods was observed under the microscope.
The resistance of these rods to penicillin was then determined by the dilution method
in Lahelle’s modification (1948). The results were read after 5—7 days and resistance
ranged from 500— 2,000 units/ml. Most authors read results within 24 hours and that
is why their resistance values are so much lower. We, however, found that the
titration result is stabilised only after the third, or even fifth, day of incubation and
that reproducible results can only be obtained in this way. From a total number of
100 cells isolated, secondary rods were obtained in 52. In 37 cases resistance to
penicillin was the same as in the control culture, in three cases it was higher (by one

degree) and in 12 cases it was lower. In

Table 3. all the divergent cases a slight difference
in the inoculation dose had been recorded
_ Level of PE Level of PE (technical failure).
Hours | ™ vc,jl?::iioiila' “zc‘;fl‘;;ﬂ{’)“ The level of penicillin in the broth was
units/ml, in units/ml. determined iodometrically or by Pesek’s
method of linear diffusion (1952). The

0 5,000 5,000 following considerations were taken into

3 2,000 5,000 account:

g 1’?88 g’ggg If the secondary rods are not resistant
12 3 5.000 to penicillin, this must mean that in the
24 1 5,000 period of regeneration the level of peni-
36 <0,03 5,000 cillin is considerably lower than at the

commencement of the experiment. If that

is the case, it is necessary to seek the
cause of its decrease. We therefore first studied the fall in the level of penicillin in the
fluid medium under the influence of temperature. In the first experiments it was
seen that the fall in the penicillin level was markedly dependent on temperature at
a pH of 5.5—6.0 (fig. 20). In the thermostat (37° C) the penicillin level dropped
in six days from the original value of 16,000 units/ml. to 1,800 units/ml., i. e.
by 88.8%,, whereas at room temperature it fell from 16,200 units to 14,400 units
(by 11.29%) and in the refrigerator (4°—7° C) from 16,500 units to 15,200 units
(by 8%). These values were determined iodometrically.
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It follows from these results that at the time of regeneration of the rods (24— 30
hours) the penicillin level is still very high, but this contrasts with our previous
results. We therefore observed changes in the penicillin level in a medium inocul-
ated with an 18-hour-old culture of P. vulgaris. In the first few experiments the
initial level and the final level (i. e. when regeneration of the rods was found) were
determined. In the period of regeneration, the level was always lower than 0.03 units,
i. e. virtually zero. In order to obtain information on the decrease of penicillin in
the culture, the penicillin level was observed every three hours up to 36 hours
(fig. 22). During this period the control curve virtually does not fall at all, whereas
the experimental curve falls rapidly (tab. 3). During this time (3—12 hours), the
cultures were composed mainly of round bodies of medium size (about 5—10 u)
and about 109, consisted of rods or their residue. The rods were not homogenous and
showed no signs of growth or proliferation. Regeneration of secondary rods began
from 24 hours and was at its height at about 30 hours. It began, therefore,
12—15 hours after the penicillin level had dropped to subbacteriostatic values.
These results are very interesting and indicate that the large round bodies are in
large measure capable of breaking down penicillin into its inactive components.

Conclusion

1. Secondary rods which regenerate from large round bodies of Proteus vulgaris
are not more resistant to penicillin as compared with primary rods (i. e. the original
rods). .

2. The level of penicillin in the fluid medium at the time of regeneration of the
secondary rods is practically zero. Regeneration commences approximately 12 hours
after the penicillin level has dropped to this value.

The author is of the opinion that the L-cycle of bacteria is not of especial sig-
nificance for the development of strains resistant to penicillin.

(Tables XI1X, XX, XXI).
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Induction of Bacteriophages by Ultraviolet Light in a Naturally
Polylyscgenic Strain of Staphylococcus aureus
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The effect of ultraviolet (UV) light on bacteria has already been the subject of
detailed analysis from many aspects. In recent years the induction of bacteriophage
formation by lysogenic bacteria, discovered by Lwoff, Siminovitch and Kjeldgaard
(1950) and elaborated for various species of bacteria, in particular by Lwoff
(1951 etc.), Weigle and Delbriick (1951), Jacob (1950 etc.) and by other authors
has come to form an independent branch of this subject. Induction in lysogenic
bacteria has been also studied by Rosenberg (1956), and this subject was dealt
with by Her¢ik (1953).

The increase in the spontaneous production of bacteriophages by lysogenic strains
(induction) by irradiation of cultures of these with UV light has therefore already
been investigated in detail. Only two authors, however, have so far dealt with the
influence of UV light on the production of phages by strains which produce two types
of phage simultaneously; these are Jacob (1952, 1954) and Welsch (1953). Both
these authors first of all attempted experimentally to find an answer to the question
of whether every polylysogenic cell produced both phages when lysed, or whether
certain cells always produce only one type. Jacob, who used artificially cultured
double lysogenic strains of P. pyocyanea, arrived at precise, though not altogether
conclusive results. Welsch’s work with a naturally double lysogenic strain of Micro-
coccus pyogenes aureus did not provide a clear answer to the problem.

An attempt was therefore made to resolve this problem along independent lines,
following on from the results obtained in earlier experiments with lysogenic staphylo-
cocei (Rosenberg and Smarda 1955). Staphylococcal strains are frequently naturally
polylysogenic, as described recently by Gorrill and Gray (1956). The work was
carried out with a naturally polylysogenic strain of Staphylococcus aureus haemo-
lyticus. ‘

Methods

Previously described strains of the species Staphylococcus aureus haemolyticus (Rosenberg and
Smarda 1955) were used in the experiments, in particular the lysogenic strain LS 2 and the sensitive
strains CS 1, CS 4, CS 10, CS 13 and CS 14. Before commencing the experiments, all the strains were
propagated at least five times from one colony and further cultivated in a similar manner at least once
a week. In the case of the strain LS 2, endogenous lysogeny was demonstrated serologically according
to the method of McKinley (1925).

The strain LS 2 now produces basically two types of bacteriophage, which differ both biologically
(in the lytic spectrum of the series of sensitive strains) and also serologically. These are phage F 4, for
which the specific indicator strain is CS 4 and F 13, the specific indicator strain of which is C 13. (This
means that F 4 does not lyse C 13 or vice versa.) F 4 is present in the filtrate of a 6-hour culture of LS 2
in an average titre of 10* and F' 13 in an average titre of 105. Phage 1 can also, however, be demonstrated
in filtrate of LS 2; this is identical with F 13, except that it also, to a low degree, lyses CS 4. A clone

160

Approved For Release 2008/04/10 : CIA-RDP80T00246A002900500021-2



Approved For Release 2008/04/10 : CIA-RDP80T00246A002900500021-2

of CS 4 which was sensitive only for F 4 and not for F 1 could not be isolated; every one of the seven
clones of CS 4 which were cultured out lost its sensitivity for F 4 at the same time as for F 1. It is probable
therefore, that a small number of phages in filtrates of LS 2 in these experiments formed plagues both
on CS 4 and on CS 13.

The following media were used: meat-peptone broth enriched with Difco proteose-peptone and yeast
hydrolysate, and 29, peptone agar, also containing Difco proteose-peptone. The pH of both media
was 7.4.

The bouillon cultures of LS 2 were always irradiated at the commencement of the log phase of growth,
i. e. following 41, to five hours’ incubation, in a cylindrical container of transparent quartz glass with
an internal diameter of 22 mm. and walls 1.5 mm. thick. The distance of the low-power UV lamp,
the full spectrum of which was used, was 50 cm. from the slowly and regularly rotating container (about
45 r.p.m.). Unless otherwise stated, irradiation was carried out in the laboratory in daylight, or in
mixed day and electric light. After exposure lasting for 115, 2’30, 5’, 7°30”’, 10’, 12’30"", 15’ and
17730, the same volume of culture was always removed and stored under the same lighting and temper-
ature conditions until irradiation of the rest of the culture had been completed. All specimens were then
incubated together in the dark for 30 minutes at 34—37° C.

After incubation they were filtered through collodion ultrafilters of medium porosity about 650 mu.
{The same batch of filters was used for all specimens in the same experiment.) The filtrates were diluted
serially with bouillon or with 0.69%, physiological saline until a concentration was reached which was
suitable for counting the plaques, i. e. up to 10—, (These staphylococcal phages cause only very slight
clearing of the bouillon cultures and can be titrated only according to the production of plaques on agar.)
Small amounts (usually 0.1 ml.) of the filtrates were transferred by micropipette to agar plates freshly
inoculated with sensitive strains. When dry, the plates were incubated at 34 —37° C. The results were
always read off the next day. The titres were calculated to a 9, of the titres of non-irradiated controls.

Results

The experiments were based on the preliminary finding that a filtrate of LS 2
contains phages which consistently lyse the bacterial strains CS 1, 4, 10, 13 and 14.
Filtrates of specimens of an irradiated culture of LS 2, removed from the culture
at given intervals during exposure, were tested after diluting on one to three of the
above sensitive strains simultaneously. The results of 30 such experiments were
evaluated, i. e. an average of six experi-
ments per strain. ‘

After plotting on a graph the percentual
increases in the titres of the phages car-
ried by the individual sensitive strains for
the various times of exposure, roughly
two types of curve were obtained (fig. 1). /\/
The first gave approximately the develop- 10
ment of the titres of phages on CS 1 and 4,
and the other on strains CS 10, 13 and 14.
Both curves indicate a high degree of in-

29 n

duction of phage production by LS 2. At L

the same time, however, the induction of 230" 5 10 15°
phages forming plaques on strains CS1and ) . )
4 is not in general so great as that shown Fig. 1. Arithmetical average of titres of phages

. O3, . forming plaques on CS 1 and 4 (curve I) and on
by the three other indicator strains. It g 19, 13 and 14 (curve II), in the course of

can, to a certain extent, be judged from the  induction of LS 2, as compared with the controls.
curves that the titre of phages produced z:time of exposure in minutes, y: titre as a % of
spontaneously in higher quantities by the control: 100.

culture, will be increased by induction ]

even more than the titre of phages, which are liberated spontaneously in lower
quantities. The second type of curve (CS 10, 13 and 14) shows a second peak after
exposure for 17°30"’, which is higher than the first one occurring after 10 minutes.
(In the case of CS 1 and 4, the filtrates were not tested after this period of exposure.)
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The higher values of phage titres found after irradiation of a culture of LS 2
with UV light, as illustrated in fig. 1, cannot, however, be evaluated simply as the
result of induction. Under the given conditions, the titres of the phages are also
influenced by a whole series of other factors, including in particular the following:
inequality of the cells in the stock cultures of LS 2, from which a strain was taken
in these experiments (Mdlek 1955), duration of growth of the culture in the log phase
during the experiment, and hence variability of the number of cells in the specimens,
the sublethal or lethal effect of UV light on the cells, adsorption of released phages
back on to the cells or debris, reactivation of induced cells by visible licht and
inactivation of phages by UV light, together with a whole series of further factors
participating in filtration and also in testing the filtrates on the indicator strains.
(Of these factors, inactivation of liberated phages by UV rays can be excluded
to a certain extent, at least as far as exposures up to 12 minutes are concerned.
It is known that bouillon markedly absorbs UV light. Irradiations of filtrates
of a culture of LS 2 were carried out several times with exposure intervals up
to 12 minutes, under the same conditions, as irradiations of the culture itself with
and without visible light, and no real decrease in the titre of any of the phages
was found.)

The effect of actual induction cannot be separated from the majority of factors
mentioned above. No further attention was therefore paid to evaluating it quantitat-
ively and statistically; we just confirmed the basic finding that the production
of phages by the strain LS 2 can be greatly induced by UV light. It was decided,
however, in the further work to study the interrelationship of the titres of the
individual types of phages liberated by LS 2 during irradiation. It was assumed
that the above factors which complicate the effect of induction on the absolute titre
of the phages would have approximately the same effect on all the phages in the
specimen and would not therefore fundamentally affect the relationship of the titres
of the individual phage types. The curves in fig. 1 indicated that this relationship
would not be constant in the course of induction.

In this part of the work, 30 irradiation experiments were carried out, using the
lysogenic strain LS 2 and the indicator strains CS 4 and CS 13. Irradiation was carried
out as described above, except that exposure was carried out for intervals of 3, 6 and
every further three minutes up to 30 minutes. After dilution, every specimen was
plated with the same micropipette on the two indicator strains. In these experiments
a modification of d’Hérelle’s titration method (1926) was used, based on the author’s
own experience and consisting chiefly in greater accuracy of the count.

The filtrates were diluted by progressively adding 0.1 ml. filtrate to 0.9 ml.
0.6%, physiological saline. The cultures used in the experiment were not always
of the same concentration and the initial titre of the phages could not, therefore,
always be the same. Their relationship on a given medium, however, was constant.

The proportion of the titres of F 13 and F 4 in 4!/,—5-hour cultures of LS 2
was constant, varying only very slightly from the ratio of 3 : 1, regardless of the
absolute height of the titres, which were different in the individual experiments.
In the statistical evaluation, this ratio was seen to be statistically significant
(standard error of the difference of both averages = 1). In the course of induction
the titre of F 13 increased by as much as 400 times, the maximum being reached
after 15 and 27 minutes’ exposure, while the titre of F 4 increased at most 12 times,
with the maximum again after 15 and 27 minutes’ exposure. The development
of the ratio of the titre of F 13 to the titre of F 4 in the course of induction is best
seen if the value of the titre of F 4 in every specimen is taken to equal 1. This
relationship then reached the ratio of 367 : 1.
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As was expected, the development of the titres of the phages was not always
the same. The chronological course of the increase in the titres varied in the different
experiments. The maximum increase was therefore often obtained after different
doses, while the values of the increase in the individual experiments were also
different. In one experiment, the titre of F 4 actually showed no increase on irradia-

3o}

A

7 9 % 21 27
Fig. 2. Development of titre of F 4 (I) Fig. 3. Development of titre of F 4 (I) and F 13 (II) in
and F 13 (II) in the course of induction the course of induction of LS 2, in the presence of
of LS 2. Experiment carried out 16. 1. visible light (full lines) and without (interrupted lines).
1956. x: time of exposure in minutes, y: Experiment carried out 7. 6. 1955. x: time of exposure
titre: 104, in minutes, y: titre as a 9, of control: 100.

tion of LS 2, while the titre of F 13 rose 4.9 times (fig. 2). No attempt was therefore
made to give a statistical evaluation of the individual periods of exposure. In all
experiments without exception, however, and whatever the time of exposure,
the increase in the titre of F 13 was always far greater than in F 4, i. e. lysis of the
cells to F 13 was induced far more than lysis to F 4.

The first induction maximum after about 15 minutes’ exposure was followed,
as a rule, by a somewhat steep drop in the titre of both phages, evidently as a result
of the relative preponderance of adsorption of liberated phages on to bacteria and
bacterial débris over further phage production by the cells. It is interesting to note
that in many experiments—as in the first part of the work—a further sharp increase
in the titres occurred after 20— 30 minutes’ exposure, which usually reached a peak
higher. than the first peak at 15 minutes. This phenomenon can be explained by
sudden lysis of many cells as a result of the large dose of UV light, at a moment when
the increasing lethal action of the UV light reached a certain equilibrium with the
action of induction. (The possibility of such an interpretation is also borne out
by the conclusion of Franklin 1954, that lysogenic bacteria which have been inactiv-
ated by UV light can still liberate bacteriophage.)

A similar method was used in four consecutive experlments in which the course
of induction during irradiation in the dark was studied. It is interesting that in these
experiments completely different results were obtained. The titre of F 13 attained
at most six times the value of the control, while the titre of F 4 increased as much
as 34 times. The most effective time of exposure for the induction of F 4 and F 13
was 5—6 minutes. An example is given in fig. 3, which shows the curves of the titres
of both phages in two experiments carried out consecutively under exactly the same
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conditions, except that in one irradiation was carried out in the daylight and in
the other in the dark.

As compared with the experiments in the preceding series, the effect of induction
in the dark is seen to be almost always far less than in the light, and as far as the
proportional increase in the titres of F 4 and F 13 is concerned, a greater increase
was found in the titre of F 4 than in that of F 13.

Discussion

After irradiating the lysogenic staphylococcal strain LS 2 with UV light, which
damages the normal course of nucleoprotein metabolism in its cells (in the presence
of visible light), a considerable increase occurred in the number of particles of both
phages produced by the strain. They did not increase proportionately, however,
but the titre of F 13 increased far more than that of ¥ 4. It could, of course,
be assumed that the increase in the ratio of the titre of F 13 to F 4 was due to
production of both phages in changed proportion by every individual lysing cell.
Even if this could be assumed to be partially the case, the increase in the proportion
mentioned in all the experiments is so great that such an explanation alone is not
sufficient and the possibility must be admitted that as a result of induction many
cells lyse while liberating F 13, without simultaneous production of F 4.

This does not, of course, exclude the possibility that after induction a whole series
of different types of cell disintegration appear in the culture. Some cells may dis-
integrate without forming phage (Hradetnd 1952, Heréik 1953), others may
simultaneously produce both F 4 and F 13 in varying proportion and it is even
possible that some produce only F 4. The important fact, however, is that almost
certainly many produce only F 13. The proportion of titres of the two phages in an
irradiated culture, considered from this aspect, would then represent some kind
of section through this scale of forms of disintegration, among which lysis into F 13
predominates.

A study of the results of these experiments permits no definite conclusions as to
the normal, spontaneous manner of production of the two phages by a growing
culture of LS 2. It is possible that it is analogous to the one described above. At all
events, the ability to produce both phages in the proportion of 3 : 1 is genetically
bound to every cell of the strain, since a clone isolated from any cell again produces
the phages in this proportion. Nevertheless, it is very probable that during lysis
some cells produce only one phage.

In resolving the problem of whether one induced polylysogenic bacterium can
produce both types of phage, Welsch (1953) used the “single burst” technique,
i. e. the study of lysis of isolated induced bacteria. After making a statistical analysis
of the results, he came to the conclusion that the question could not be decided
by this method.

Jacob (1952) states that weak doses of UV radiation result in the liberation
of one type of phage by one cell, while strong doses induce the simultaneous develop-
ment of both types of phage by one bactertum. The present author takes the view
that the experiments from which Jacob arrived, mathematically, at these con-
clusions, on the basis of the conception of probacteriophage (Lwoff 1953, Jacob
1954), do not take sufficiently into account the whole dynamics of a lysogenic culture
subjected to irradiation during growth. Jacob’s general view on this subject
ig that in a culture of a strain which produces two phages, the development of which
can be induced, each phage, after induction, can be produced by given cells which
do not at the same time produce the other phage. The present author agrees
with Jacob.
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The results of the present experiments also concur with Jacob’s finding that with
high doses of UV irradiation the effect of induction on the production of phage
decreases. It is assumed that this is a manifestation of the lethal effect of irradiation
on the cells themselves, of progressive sterilization of the culture and of a pre-
ponderance of adsorption of formed phage particles over production of further
phages by the surviving cells.

The differences in the results of irradiation in the presence of light and in the dark
are also explained in the same way. In the dark, the bacteria were evidently in-
activated far more by the same doses, induction was masked by inactivation and
the effect of induction was therefore displayed far more weakly in the titre of the
phages. (The somewhat lower production of F 13 than of F 4 indicates more rapid
inactivation of the cells producing them.) Induction was still displayed to some
extent with the lowest doses, after which there was no further increase in the number
of phages and the number of liberated mature phages decreased by adsorption,
the decrease being approximately the same in both types. In visible light, in which
photoreactivation evidently asserted itself through the interaction of low-energy
photons, induction was much more effective.

Summary

1. The formation of both types of bacteriophage liberated by the lysogenic staphylo-
coccal strain LS 2 can be induced to a marked degree by UV light. :

2. The constant quantitative proportion of 3 : 1 in which these two phages are
produced in all passages by a culture of LS 2, is disturbed as a result of induction,
production of one of the phages being increased by as much as 400 times, and of the
other, with the same dose, twelve times at the most. The one phage is therefore
probably liberated by cells which do not produce the other phage simultaneously,
although potentially every cell can produce both.

3. The quantitative effect of induction is displayed differently if the culture
is irradiated in the presence of visible light, which reactivates the cells, than if it is
irradiated in the dark.
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Y®-napyknus 6akrepuodaroB y ecTeCTBEHHO MOIMJIM3OTeHHOTO
mramma Staphylococcus aureus

A. HIMAPJA

Pesome

IoBbnnieHre MPOAYKIMA JIM30TEHHLIMA LITAMMAME OarxTepuodaroB B pesyJbTrare
O0JIy4eHUA KYJIBTYp STUX IHITaMMOB yabTpaguoseroBeiMu aydamu (YD), — T. e.
MHAYKIUA, — TOAPOGHO MCCIE0BATOCH YiKe LeJbIM PAKOM aBTopoB. Ho ToibKo ABa
U3 HUX 3aHUMAJINCh Take BONpocoM BiuAHuA Y @D-imydeil ma npoayknumio ¢aros
IITAMMaMuy, KOTOpBIe IPOUBBOJAT OAHOBPEeMeHHO /(Ba Tuma ¢dara, Jacob (1952, 1954)
u Welsch (1953). O6a omm monbitamuces BKCIIEPUMEHTAJIbHO OTBETUTH HA BOIPOC
BO3MOKHOCTM NPOAYKIUM [IBYX PasiuYHBIX (ParoB ORHON U TOH e mojBeprmeiics
UHAYKIMM KIeTKO#. Jacob, KOTOpHII mONB30BalCA MCKYCCTBEHHO BhIpAIieHHHIMH
ABAK/IBL IM30TEHHBIMU IITAaMMaMi P. pyocyaneus, puimes B 5T0M BOIpOce K Olpeje-
JIEHHBIM, XOTA U He BIOJHEe yOeauTelbHHIM pesyabratam. Pabora e Welsch-a
€ €CTeCTBEHHO ABAKJBI JM30TeHHHM mTamMmoM Staphylococcus aureus B sTom Ha-
TIpaBIeHUN He IIPHHeC]a SACHOTO OTBeTa.

B cBoeit paGore Mbl momBITAIMCE IPHGITUUTHCA K PENIEHUIO 9TOM POGIEMBI CO6-
CTBEHHBIM IyTeM, UCXOAA M3 CBOWX IIPEJIIECTBOBABIIMX ONIBITOB € JIN30T€HHBIMU
craguiokorramu (PosenGepr u llImapma 1955). Mul 1m0/b30BauCh COGCTBEHHEIM
nomm3oreHHuM wrammom Staphylococeus aureus haemolyticus.

dtor mramm (LS 2) npoussoaur, no cymecrsy, 2 tuna Gakrepuodara, OTaMYAN0-
muecs Apyr OT Apyra Kak B GHOJOrMYeCKOM, TaK W B CePOJIOrAYECKOM OTHOLIEHWSX
¢dara F 4, nia wkoroporo crermn@uIeckn YyBCTBUTEIbHBIM ABJsAerca mramm CS 4,
u dara F 13, nna roroporo cnennuueckn vyscrBuTe sHbM siBasercea mramm CS 13.
®ara F 4 mramm npoussogur B cpexnem B tutpe 104, a F 13 8 cpennem B Turpe 105.
OnHaKo HE HCKIIOYEHO, YTO HeKoTopoe (He6ombHIOe) KOJIMYeCTBO ParoB B Puiihb-
Tparax LS 2 B mammux ommirax o6pasoBanmo Heratusmsie kodomumn Kak Ha CS 4,
Tak u Ha CS 13. )

Mer obmywanu wysbrypsr mramma LS 2 B Gysibone B Hauaste sorapudmudeckoi
¢asel X pocTa B NMAMHAPUYIECKOM COCYAMKE U3 NMPO3PAUHOTO KBAPIEBOTO CTERJA,
KOTOPEIA Me[JleHHO BpamaJscs. Mel mosib30Bainch NoJHbBIM crextpom Y D-mamun
HU3KOTO NaBjeHus ¢ paccrostunsa B 50 cm, mpm gocryne Buaumeix aydeit. [locie
OTAebHBIX dKeno3unuit (ot 1 1o 30 mMmH.) U3 cocyaura Gpajica Bcerfa OfMHAKOBbII
00beM KyJbTypH, KOTOPHIl XPAaHMJICA NO OKOHYAHUA OGJYYCHUS IIPH TAKHX e
YCIOBHAX, TPU KAKUX OCTATOK KYJIbTYpH eme obaydarsca. Ilorom Bce oGpasipi
OJHOBPEMEHHO MHKYOupoBasiuch B TeMHOTe npu 34—37° C B redenue 30 mun. [ocae

166

Approved For Release 2008/04/10 : CIA-RDP80T00246A002900500021-2



Approved For Release 2008/04/10 : CIA-RDP80T00246A002900500021-2

upkyGanuu Bce 06pasus QUILTPOBAIUCH Yepes KOJLIONUHHbIE yabTpaguiabTpH
cO cpegHMM QmamerpoM Iop oxoxo 650 mu. C momombio GyibOHA MK ¢usuonorn-
4eCKOr0 PpacTBopa M3 (UIBTpaTa NPUTOTOBJSIMCH CepUiiHble DPasBEeHMA BOB-
pacraomero psAa (BILIOTh 10 KoHNerTpanuu 10-4), KoTOpHe THTPOBATUCEH IO KOJIM-
YeCTBY HeraTHBHHIX KOJIOHMI Ha OTAEJbHEIX TeCT-KyJbTypax Ha arape. Monyyenusie
TUTPHl BHYMCIATNCH B %, 10 OTHONIEHMIO K THTPAM HeoOJyJaBiImXcA KOHTPOIBHEIX
ITAMMOB.

ME MCXORWMIIH U8 TIPEBAPUTETHHO MOy IeHHHX JAHHKIX O TOM, 9TO QUIBTpAT LS 2
cofiepuT (arn, HeM3MeHHO BHBHBAKOLIME JNBUC HMITAMMOB CS 1, 4, 10, 13 u 14,
Ha oTnx 5 YyBCTBUTEJNbHHIX INTAMMAX MH MCHHTHBAIM (UIBTPATH OTHEIBHHIX
06pasioB obaygasmeiica namu Kyasryput LS 2. bruta mponssesiena oneHka B obmem
30 ommros. Hamecss Ha rpaduk 9, NmoBHIIEHNA TUTPOB (aros, KOTOPHI NOKasaIM
OTHeJbHEIe YYBCTBUTEJIbHHE WITAMMH — B 3aBHCMMOCTH OT TNPOJOJIZHUTENIEHOCTH
SKCIOBUIMM, — MH TOywnam 2 Tuna KpuBeix (rpagux 1). Turps ¢aroB na CS 1
4 MeHAJMCH TPUGIMBNTENBHO MO NepBolt KpuBo#, a daros Ha CS 10, 13 m 14 —
no Bropo#t. OGe KpUBHE IIOKA3HBAIOT BHCOKYIO CTENeHb WHIYKINU oGpasoBaHNA
¢aros mrrammonm LS 2. ITpu s1oM ogHaro HHAyKIMA $aros, 06pasyomuX HeraTHBHAE
roxonuu Ha mrrammax CS 1 u 4, B 06imem He JOCTUraeT TAKON BHICOTH, KAK NHAYKIHMA
daros, mosBisomExcA Ha 3 ocradbHuX mTamMax. Ha ocHoBamMM KPMBEIX MOMKHO
TaKmKe CyQUTH, YTO TUTP TeX (aroB, KOTOPHIX yie caMa KyJbTypa MPOMBBOAMT
GoJIblile, BOBMOMKHO C MOMOINbI0 MHIYKIMH NOBHICHTH GOsblle, 9eM THTP TeX ¢aros,
KOTOPHIX CAMOTIPOU3BOJILHO 0Gpasyerca Menbie. lHTepecHo, 9ro Ha BTOpoH KpMBOi
(CS 10, 13 u 14) nocie sxcrosunuu B Tevenue 17 mun. 30 cex. o6o3HauaeTcss BTOpoM
MaKCHMyM, eme Gojlee BHICOKHIt, 4eM TepBHii (depes 10 mun.). »

He cilexyeT ofHaKo paclieHMBaTh NpHUBefieHHOe Ha rpaduke 1 mosrueHye TUTPOB
¢aros nocsie Y D-061ydenns KynbTyps LS 2 kak peaysapTar O{HON TOIBKO MHAYKIIMM:
Ha TUTp (aroB NpM NAHHHX YCJIOBUAX ONBITA BIMFAET elle Hedsli pAR PaxTopoB,
KaK HepPaBHOLEHHOCTH KJIETOK B 3allaCHHIX KyiabTypax LS 2, oTkyaa npoMsBOAKIMUCH
nepecesn (Masiex 1955); mpomoixalomuiics B TedeHne ONBITA POCT KYIbTYPH B Jora-
pudMugeckoli Pase, a BMecTe ¢ TeM M MBMEHEHMA KOJMYECTBA KIETOK B ofpasuax;
cyGierabHOe W AarKe leraibHOe jeficTBue Y D-yrygeil Ha KIETKH; obpatnas axcop6-
uMs BHeTIAeMHX (AaroB KJETKAMHM MM UX JeTPUTOM; PeaKTMBAlsA [OABEpPrIINXCA
WHIYKIMA KJIETOK IIOf JAeMCTBHEM BUAMMOTO CBeTA M MHAKTUBALNA ¢daros mox Aeii-

creuem Y®-iyuet, — Kpome psga Apyrux ¢axTopos, TPOABIAKIMAXCA IPH
¢unpTpanuu u npu tecrax ¢ ¢uabrpartamm. (Mso Beex orTux nOGOYHKIX BIMAHMIA
MOMHO MCKJIOYHTb, — II0 KpaiiHe# Mepe HpW PKCmo3MIUU [0 12 muH., — TOIBKO

V®-uHaKTHBALNIO BHAeAAeMHX (aroB, KOTOPHX B dTOM ClyJae B COBEpIIEHCTBE
samumaer GyaboH.) [leficTBHe COGCTBEHHO WHAYKLMH HEBOSMOMKHO OTJEJUTH OT
BiugHuA OonpmmHcTBa 9THX (akrtopop. IlosroMy Mb He IPOV3BOLUIM TOYHOM
KOJIMYEeCTBEHHOW OLEHKHM ee JelicTBUA M yNOBJIETBOPMINCH B BTOM OTHOIIEHWH
TIPUHIUNMAJbLHEM KOHCTATUpOBaHMeM ¢akTa, 4TO V®-ayun B BechbMa CHJIbHOM
CTeTleHN MHIYIUPYIOT NpoayKuuo daros mrammom LS 2.

Tlajlee MEI WCCJIENOBAIM B3aMMHOE OTHOIIEHWE TUTPOB OTAEIbHBEIX THIOB ¢aros,
BEITeJsIeMBIX B Tedenue oGaydeHnsa mrammoM LS 2. Mul ucxonuin us npeoxenns,
4T0 BHIUIEYMOMAHYTHE (QAKTOPH, OCJIOMHAKIME JeHcTBHe MHIYKIUM HA TUTP
$aros, BAMAT NPUGIM3UTENHHO OANHAKOBO HA BCeX ¢aros B o6pasnue, T. €. He OKa-
BHBAIT CYIIeCTBEHHOTO BIUMAHMA HA COOTHOLIEHWE TUTPOB OTAEJBHHIX TUIOB daros.
Kpusrie Ha rpadure 1 MOKa3HBaIOT, 4TO 3TO COOTHOIIEHHe B XOfle MHIYKIUM HE M0
crosmuo. B aroit wactm paGor Me mpousBenn onATh 30 OMHTOB 0GMydYeHUA, MIA
KOTOPHIX MHI I10JIb30BAJINCH JINBO0T€HHBIM IITAMMOM LS 2 1 yyBcTBUTENbHLIMYU IITAM-
mamua CS 4 u CS 13. Kampmoe pasBemennme oOpasma HaHOCHIOCH BCErfa Ha 00a
YyBCTBUTEIbHBIX LITAMMA.,
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Kyaprypri, Gpasmmeca mns omerra, me Beerma GmBasn OIMHAKOBO T'yCTHIMHU,
nosromy ¥ ucxonueit TuTp ¢aros F 13 u F 4 me mor Gwite Beerma omms u ToT 3xte.
OmHaxo B aHHOW cpefle WX COOTHOLIGHME GHBANO MOCTOSHHLIM I K0J1e6a10¢h
(He3HAYNTEJBHO) OKOIO BeamuuHm 3 : 1 (He3aBHCHMO OT abCOMIOTHBIX 3HAYeHUIL
TMTPOB). Bhita nokasaHa craTmeriueckas 3HAYMMOCTH BTOrO COOTHOmIeHms. B xoje
uapykunn rurp F 13 nosemanca u B 400 pas, ¢ MaKCUMYMOM IIPU 9KCIIO3UIUH
B Teuénue 15 1 27 mun., a atp F 4 — ne Goutbirre, gem B 12 pas, ¢ MakcuMyMOM Take
Ipu skcrnosunuu B Tedenue 15 u 27 mun. PassButue cooTHONIEHUH MeHIy TUTpaMu
F13 u F4 B xome WHIYKIUU CTAHOBUTCA HauwboJiee HAIVIANHBIM, ecJu IIPUHATH

sHaveHue turpa F 4 B waskgom o0pasIe 3a eIUHUI[Y: HTO COOTHOLICHUE OXOUI0
u go 367 : 1.

Rax mor u ipenmosrarasm, passurue turpos haros HPOTEKAJIO0 He BCETAa OOMHAKOBO:
KPHUBAA IOBLINEHAA TUTPOB B OTJENBHBIX OIHTAX HPOXOAMIA 10 PABHOMY; MAKCH-
MAaJIBHO® LOBBILEHNE TUTPA 110y 9aJI0Ch TIOCITe PABIMYHBIX 03 OOJYYeHIA U GHBAIO
HEOMMHAKOBO B OTAEJbHEIX ombitax. [Ipu opmmom oumre Tutp F 4 pnasse BoBce mHe
1oBpimacs, roraa kax turp F 13 ypesmunmnca B 4,9 pas (rpadur 2). ostomy mu
HE TILITAGMCA [aTh CTATUCTUYECKYIO OLEHKY NeCTBUA OTHEJbHBIX BKCIOBMIMI.
Ho mpwu Bcex ommitax 6es uckmouenus u npu 060l SKCIOBULMKM, NMPU AAHHBIX
YCIOBUAX ONbITa, HOBRIenwe tntpa F 13 6mBamo ropaspo smaunrenbree, uyem
noseunenue tarpa F 4. Tawum oGpasom, pacmag kmeros nHa daru Tuna F 13 unpy-
OUpPOBAJICS TOPA3o UHTEHCUBHee, 4eM pacnaf Ha ¢aru tuma F 4.

Hocae meproro makcumyma mugyknuUE 0K0s0 15-0if MuH. SKCIIO3UIIH CJIE[0BAJIO
O0BIYHO JTOBOJIBHO Pe3KOe NajleHue THTPOB 06OUX daros, o6ycaosiennoe, 1mo-BuULH-
MOMY, OTHOCUTEJIBHBIM IpeolJafanneM afcopOuum yie chopMHpPOBABLIMXCS daros
Ha 6aI{TepI/IPI Win UX ReTPUT — Hajl AadbuHeiileil mpomykiumei ¢aros KieTkamu.
WnTepecto, uTo npu MHOTOYMCIEHHEIX ONBITAX, — KAK U B nepBoit yactTu paboThl, —
zrocsie srcenosunmn B redenne 20—30 muH. HaGIOAA0CH HOBOE Pe3KOe MOBHILEHUE
TUTPOB, OOBIYHO Jaske IpeBHILIAOIee NepBHN MakcuMyMm (oxosio 15-0if mMuHyTHI).
IJTO ABJIEHHE MBI O0GBACHAEM BHEBATTHEIM pacnagoM GOJIBIIOrO KOJMYECTBA KJIETOK
107 BIMAHNEM 3HAYUTENbHON 1086l Y (D-Tyueii B MOMEHT, KOT[a yCHIMBAIOMIeecH
JleTaabHoe feficTBIe 00JIy9eHUA 10 UBBECTHON CTElieHN ypaBHOBEMINBAJIO HHIYKINIO.

Mors onenku BamAHMA (oTOpeaKTHBALME HA MCXOT 00JIyueHUA MHL B 4 OmLITax
MCCTEROBANN UHAYKIMIO pu 06iaydennu B temuore. Ilpu srux ommrrax turp F 13
TIPeBLILIAT IIOKA3ATeNM KOHTPOJIS He Gostee, yeM B 6 pas, Toraa kak utp F 4 nosui-
wajca u B 34 pasa. Haubosee appexrunnas mis nanysun F 4 u F 13 npogosmsu-
TeTBHOCTE DKCUO3UUNN GhiBasta 5—6 MuH. B kavecTBe npumepa npnsoguM Ha rpa-
¢uke 3 xpusbie TUTPOB 0GoOUX daros, mosyueHHEle Ipu 2 OmBITAX, HOCTABIEHHLIX
HEIIOCPE/ICTBEHHO ONUH 3a JIPYTUM NPU COBEPUIEHHO OAMHAKOBBIX ycloBUAX. Ilpu
TIepBOM 13 HUX MBI IIPOM3BOJIUIIN 00MYYeHUS TIPU J{HEBHOM CBETE, IIPH BTOPOM e —
B remHore. Kak BMAHO w3 ombiToB, 9(eHTHBHOCTH WHAYKIMU B TeMHOTe GHIBACT
MeHbIlle, a 4TO KacaeTCA COOTHOLIEHNs NOBHIeHMA THTpoB F 4 u F 13, madmo-
naercst Gollee sHauHTeNbHOE IMOBbILeHWe TuTpa F 4, wem F 13.

3HaYnTeqbHOE yBesideHne oTHOmenus Tarpa F 13 k tutpy F 4 nocine ¥V O-unnyk-
[nu 1Ipu J0CTyIIe BUAMMbIX JIydeil TPYAHO OOBACHATL KaK M3MEHEeHNe COOTHOIIEHMS,
B KOTOPOM OT/je/bHEe PACHAfAIOILUecs KJIeTKH MpoM3BOgAT oGoux ¢aros. ITosbr-
LIeHUe 5TOTO COOTHOWIEHM BO BCEX CIYYASIX HACTONBKO BHAYMTEJbHO, YTO MPU-
XOMTCA JOIYCTUTH, YTO MHOTUE KIETKY TIOf BIMAHMEM WHIYKIMU PACIafarorTcs
Ha F 13, me npomssons ommospemenno F 4, Mu gomyckaewm, KOHEYHO, YTO MOCJe
MHIYRIUA B KYJIbType BCTPeYAETCA Uesblil PAT PABJINYHHIX THIIOB PACHaja KIETOK.
Hexoropsre k1ersn moryr pacmamatsea BooGmie Ges obpasosauns ¢ara (I'pageunas
1952, Tepuur 1953). BosmowiHO, 4T0 caMOIPOM3BOILHOE obpasoBanune oGoux ¢aros
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npoTeKaeT aHaJoru4Ho. Bo BesAKoM ciaydae, crocobHocTs o6pasoBaTh 0ba Tuna dara
B cOOOTHmeHun 3 : 1 reHeTwyecKU cBfizaHa ¢ KAKAOH KieTkoll wTaMma.

B Bompoce pasBHTHA B pe3yJbTaTe WHAYKIMM B JIMB0TEHHOH KyJIbType ABYX
turoB $aroB, KOTOpHEeE BO3MOKHO MHAYIUPOBATH, MH IPUCOETMHAEMCA KO B3IVIARY
Jacob-a (1952), uro mocile MHAYKLIUYN KaKAHI N3 HUX MOMieT IPOU3BOMUTHLCA ONpe-
NeJIeHHEIMI KJIETKAMM, He IPOU3BONAIMMHM OAHOBpPEMEHHO BTOporo (ara.

Pasuuny pesyJsbTaTOB 00dydYeHWA IIPM JOCTyIle BHAMMBIX Jydeit U B TEeMHOTe
ME 00bACHSEM PeaKTUBUDYIOUMM [eficTBUeM BUAMMEIX Jyueii. [loBugumomy, B Tem-
HOTe GaKTepuu TeMH jKe [03aMu OOJIydYeHMA MHAKTMBUPOBAJIMUCH TOPA3A0 3HAYM-
TeJabHEe, M I0ITOMY AeiiCTBHe HMHAYKIMM OTpassajioch Ha TuUTpe ¢aros ropasno
cnabee, ¥ TOJLKO Ipu HauGoJlee HUBKUX 103aX 00JIydeHMA.
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The New Antibiotic BU 271

V. SEVCIK, M. PODOJIL, M. KYSELOVA and A. VRTISKOVA
Institute of Biology, Czechoslovak Academy of Science, Department of Microbiology, Praha

Recetved November 10, 1955

The following large-molecular actinomycetic antibiotics have been described
in the literature: micromonosporin (Waksman et al. 1942), actinomycetin (Welsch
1937—1947), antibiotic 2377 (British patent 719.230) and thermomycin (Schine
1951). These antibiotics can easily be distinguished from the small-molecular anti-
biotics by means of dialysis through a cellophane membrane. Micromonosporin and
actinomycetin are of a protein character, antibiotic 2377 is not a protein, but gives
a positive anthrone reaction for carbohydrates, while in the case of thermomycin
no details are given as to the character of the molecule.

The new antibiotic, BU 271, was obtained from a strain of soil actinomycetes
listed under the number 271. On agar media, colonies of this actinomycete have
a whitish mycelium with yellowish spores. Underneath, the mycelium is rust colour.
Pigment is not diffused.

When cultured on a shaker apparatus, an isolated strain of the actinomycete
produced 43 streptomycin units/ml. The composition of the medium was as follows:
glucose 19, starch 1.59%,, corn steep 0.5%,, (NH,),80,0.35%, NaCl 0.5%,, CaCQ; 0.5%,.
When inoculated on agar media, subcultures with a maximum production of
460 strep. units/ml. were obtained. On further reinoculation on to potato agar
slants, however, production of the antibiotic fell rapidly.

A second batch gave 20 subcultures, about half of which (9) did not produce
the antibiotic on the shaker, but of which about a quarter (5) gave very satisfactory
maximum production (about 1,000 s. u./ml.), which was not, however, very stable.
Considerable differences were observed between the original cultures and the sub-
cultures on individual days of submersion cultivation, and production of the anti-
biotic fluctuated considerably in the same strain when this was inoculated in different
weeks, the cause being probably poor stability of the strain.

On further distribution of a selected, highly productive strain (about 1,000 s. u./ml.
on cultivation on a shaker), 28 subcultures were obtained, all of which produced
the antibiotic on culturing on the shaker. About half the subcultures gave very
satisfactory production (1,000—2,000 s. u./ml.), but the latter still fluctuated quite
considerably, even when the strain gradually became stabilized. More stable strains
were obtained only after further inoculation, when evaluation on agar plates showed
no great differences in the size of the inhibition zones in the individual subcultures.

Antibiotic 271 is stable only at low temperatures. At 2° C it remains stable for
a number of weeks. At laboratory temperature it is rapidly destroyed in the presence
of an acid, neutral or basic pH, even after only 24 hours. On boiling for 15 minutes
it is destroyed in all pH values tested (2.0, 7.0, 9.0).
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The antibiotic is more effective in the presence of an alkaline reaction (pH 7.5 to
8.0); with 50% blood serum its efficacy is reduced by half. It is destroyed by organic
solvents. Crude preparations of the antibiotic were obtained by lyophilization of
dialyzed filtrates of a culture of the actinomycete.

The antibiotic is not dialyzed through a cellophane membrane and its spot
on a paper electrophoregram stains with bromphenol blue, indicating that the
molecule is probably of a protein character.

Antibiotic BU 271 acts particularly on Gram-positive bacteria. It usually acts
on various species of Gram-positive bacteria in concentrations of 1—8 units/ml.,
but does not act on species of Gram-negative bacteria even in concentrations of
100 units/ml. It has been found to act especially strongly on Mycobacterium phlei
and in a comparison with other bacteria its action on this species was greater than
that of streptomyecin.

The antibacterial spectrum and large molecule of antibiotic BU 271 resemble
those of micromonosporin (Waksman et al. 1942, Welsch 1947), but it differs from
this antibiotic by its stability, method of isolation (it is not precipitated on adding
50—90; ethanol or acetone) and by its coloration. If a filtrate of a micromonosporin
culture is heated for 60 minutes to 100° C, about two thirds of the antibiotic are .
destroyed, whereas on heating a solution of BU 271 to 100° C, the whole of the
antibiotic is destroyed in 15 minutes. Micromonosporin also has an orange pigment,
while BU 271 is colourless.

On intravenous administration of a preparation with a strength of 1,150 units/mg.,
LD,, in mice was 45 mg./kg., corresponding to 1,035 units/mouse.

We are indebted to L. Novotny of the Institute of Chemistry of the Czechoslovak Academy of Science
for the crude preparations of the antibiotic.
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Hosniit antuéunorur BU 271
B. IEBYUK, M. IIOJIONJI, M. KUCEJOBA u A. BPTHILKOBA

Pesiome

Autnouorux BU 271 6wur TOJIyYeH U3 TOYHEee HAMU He OIpeleJABIIerocs BUAA
I0YBEHHOr0 JIyduCcToro rputka, obosmauennoro Ne 271. Autubuorur ycroiiums
npu 2° C B TeueHMe HECKOIBKNAX Heflellh, HO IIpH JTaboparTopHoit Temneparype GBICTPO
paspymaercs (y#e 4epes 24 4aca), Ipu KUIISYEHNA B TedeHue 15 MUH. paspyiaercs
NOJTHOCTBIO. AHTUOHOTHE GoJlee s PeRTBeH Mpu aTKAINIECKOIR peakuuu (pH 7,5 —
8,0). 50%, chBOpoTKa KpPOBU OCIAGJAET ero feiicTBUe Ha nosoBuHy. Oprasnyeckue
PacTBOPUTEIN ero paspylawT. AHTUGHMOTHK BTO GeciBeTHOe BEIeCTBO, He AUAJT3H-
pylomee Yepes mienky nenodana. llarno anrubnorura Ha GymasHoi aJIeKTpodope-
Tpamme OKpaulBaercss GpoMPeHONOBEIM CHHENM. AHTHOMOTHK feficTByeT mpenMyle-
CTBEHHO Ha TpaM-moJoxuTeabHble OakTepun. Ha Mycobacterium phlei on geitcrser
CHIbHee, yeM crpentoMuiiud. Ilo coemy aHTMOaKTepHIHOMY cHeKTpY M KpyIHON
MOJIeKyJIe OH OJII30K K MHKDOMOHOCIOPMHY, OT KOTOPOLO OTJIMYAETCHA Of{HAKO
[I0 CTemeHn yCcTOHIMBOCTH, 1O CHOCOOY MBOJALMEU (OH He OCAaMIaeTesi MOcje Ipu-
OaBJeHNA 9TAHOJA WJIM QLETOHA) U TO OKpAacKe. LD;, na mbimeit npu BBegeHUn
B BeHy ObiBasia 45 Mr/Kr.
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The New Antibiotic BU 306
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Received April 28, 1956

Among the antibiotics of a protein character which are recovered from actino-
mycetes and act on Gram positive and Gram negative bacteria, only actinomycetin
has been described in the literature (Welsch 1937—1947).

A new antibiotic, BU 306, was obtained from a strain of soil actinomycetes, listed
in our collection under the number 306. Colonies of the actinomycete, which are rusty
brown underneath, form yellowish spores on normal agar media; the pigment is not
produced into the medium. :

In submerged cultivation on a shaker, on the medium described for antibiotic
BU 271 (Sevéik et al. 1956), the original strain of actinomycete produced 120 strepto-
mycin units/ml. On setting up cultures on agar media of the same composition,
generations with a maximum production of about 1,000 s. u./ml. were obtained.
On progressive transfer to potato agar slants, production of the antibiotic decreased
from 1,000 to 300 s. u./ml. Following fresh culture on an agar medium, 35 colonies
were obtained, most of which (27) produced the antibiotic, but on a smaller scale
(100—400 s. u./ml.). These cultures were somewhat labile. The further transfer of
a culture producing 400 s. u./ml. gave 32 colonies, in seven of which production
was much higher (1,000—1,600 s. u./ml.).

Cultures of the actinomycete of BU 306 were set up on an agar medium containing
corn steep (0.5%), the amino acid content of which provides a suitable environment
on potato agar slants in a refrigerator at + 4° C.

A high yield of the antibiotic (1,500—2,000 s. u./ml.) was obtained on culturing
on a reciprocal shaker on the medium containing corn steep described above. In some
cases a maximum production of 3,500s. u. /ml. was obtained, after 6—7 days’ cultivation.

On fermenting in a glass laboratory tank with a capacity of 1,000 ml., a maximum
production of 1,150 s. u./ml. was obtained after 120 hours’ culturing. The laboratory
tank was inoculated with a 24-hour-old vegetative inoculum from the shaker
(2% of the medium volume). Mixing was carried out at 375 revs./minute, aeration
one vol./minute.

At 2° C, the antibiotic remains stable for a number of weeks. It is destroyed
by boiling. It is also destroyed by organic solvents.

The antibiotic BU 306 does not dialyze through a cellophane membrane. After
being separated from ballast substances on the paper electrophoregram, the spot
of antibiotic stains with bromphenol blue, indicating the possibility that the molecule
is of a protein character.

Unrefined samples of the antibiotic, with a strength of 2,000 units/mg. were
prepared by means of lyophilization of dialyzed filtrates of a culture ofthe actinomycete.

Using the diffusion method of microbiological titration, BU 306 is most effective
at a pH of 8.0. Its effectiveness decreases along with a fall in the pH. Its activity

173

Approved For Release 2008/04/10 : CIA-RDP80T00246A002900500021-2



Approved For Release 2008/04/10 : CIA-RDP80T00246A002900500021-2

is reduced by half by 509, blood serum. BU 306 acts on Gram positive and Gram
negative bacteria. It acts on the micro-organism Mycobacterium phlei in approxi-
mately the same concentrations as streptomyecin.

BU 306 is not very toxic. A concentration of 1,000 units/ml. produced no toxic
effect on the protozoa Tetrahymena gelei and Euglena gracilis (culture filtrate).
Toxicity in mice depended on the amount of high-molecular ballast substances
present and not on the concentration (degree of effectiveness) of the antibiotic
itself. In intravenous injections, LD, was 0.5 mg./20 g. in a lyophilized preparation,.
following dialysis, with a strength of 2,000 units/ml. In preparations with a strength
of 800 units/mg., LD, was 0.7 mg./20 g., corresponding to 560 units/mouse, and in
a preparation with 120 units/mg., LD, was 1 mg./20 g., corresponding to 120 units
for mouse.

BU 306 also had an effect on Ehrlich’s ascitic tumour in mice. In a patch test,
in which the tumour cells were placed for three hours in a refrigerator together with
the antibiotic, the mice survived on the administration of doses of 125 units/mouse.
While the control mice, which were inoculated with the tumour, without the anti-
biotic, died in 12—15 days, the mice which were given the antibiotic survived
for over a month. For this experiment a preparation with a concentration of
1,000 units/mg. was used. Similar results were recorded in therapeutic tests with
the same concentration of the antibiotic, in which the latter was administered once
a day for a total of eight days. The antibiotic was injected intraperitoneally, the first
dose being administered three days after inoculation with the tumour.

Among the high-molecular antibiotics (of a protein character), which act on Gram
positive and Gram negative bacteria, only actinomycetin is known from among
the actinomycetes. BU 306, however, differs from actinomycetin by its stability
and by the method of its recovery. BU 306 is not precipitated either by acidification

to a pH of 3—4, using HCI, or by adding four volumes alcohol or acetone.
The authors wish to express their thanks to Dr. L. Novotny from the Institute of Chemistry of
the Czechoslovak Academy of Science for the crude preparations of BU 306.
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Hosurit antubunorux BU 306
B. HIEBYUK, M. IOJOUJI, M. KUCEJIOBA u A. BPTUIIIKOBA

Peswome

Aurubuorns BU 306 Geur mosryen 3 Tounee He ONpeeeHHO0 JIyYHETOTO TPHOKA,
o6osnavenHoro Hamu Ne 306. B cripoM Buae mpemapar aHTHOGMOTHKA NpeCTABIAET
#HEJITOBATOe HEeATPAJIBHOE BeLIeCTBO, BEPOATHO 6EJKOBOrO XapakTepa. AHTHOMOTHR
JiefiCTByeT Ha TPAM-TI0JI0KUTEIIbHEIE I IPAM-0TPULATeIbHEE GAKTepHH 1 Ha ACIIUTHYIO
OIyX0Jb Opanxa y meieit. TOKCHYHOCT AaHTHGMOTHKA BABUCHT OT CTEIIEHN YHCTOTHE
npenapara. Y mpenapara ¢ a¢dexrusrocrsio 2000 ef. c./Mr HpM BHYTPMBEHHHIX
BrprickuBaHusax LD;, Gouia 25 mr/er. Ilo cBoemy anTubakTepuiiHOMy CcreKTpy
M 110 pasMepaM MOJIEKY.Ibl QHTUOMOTMK OJMB0K K AHTHMHOMUIIETMHY, OT KOTOPOTO
OTVINIAETCA OAHAKO IO CBOEH yCTOWYMBOCTH, 10 COCO0Y UB0JANUM M 10 PACTBOPU-
MOCTH B OPTAHMYECKUX PACTBOPHUTEIIAX.
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Some varieties of Bacillus cereus are known to be pathogenic for insects. In 1902, Ishiwata in Japan
(according t> Steinhaus, 1947) isolated Bacillus sotto from silk-worms. Berliner (1915) described a spore-
forming rod isolated from flour moths (Ephestia kithniella) which he named Bacillus thuringiensis.
Metalnikov et al. (1928) described B. pyraustae and B. pyrenei, B. italicum and B. cazaubon (1930)
isolated from Pyrausta nubilalis and B. galechiae (1932), isolated from Galechia gossypiella. Toumanoft
and Vago (1951) described B. alesti, isolated from Bombyx mori. It was assumed that all these strains
corresponded both morphologically and culturally to the saprophytic Bacillus cereus and that they
differed from this bacillus only in their pathogenicity for insects, chiefly Lepidoptera.

Because of their pathogenic properties, these strains, especially Bacillus cereus var. thuringtensis,
have been investigated in a number of laboratories in Hungary, Yugoslavia, France, the USA and
Canada, with reference to their possible utilization as insecticides. The communication of Hannay (1953)
drew attention to the formation of paracentral crystalline inclusions by Bacillus thuringiensis, which had
already been observed in this variety by Berliner in 1915 and by Mattes in 1927. Later, inclusions were
also found in the other varieties of Bacillus cereus pathogenic for insects (B. sotto, B. alesti and other,
unidentified varieties) and their relationship to pathogenicity for insects was therefore investigated.
Hannay (1953), when the composition of the inclusions was still unknown, assumed that they were either
of virus origin or that formation of the inclusions was a genetic characteristic of the organism in some
way related to the formation of a toxic substance producing septicaemia in insect larvae. Hannay and
Fitz-James (1955) found that the inclusions were of a protein nature and that they contained 17 amino
acids. Angus (1954) observed the action of inclusions of B. sotto dissolved in dilute alkali and came to the
conclusion that they were the toxic component of B. sotto and when taken orally caused paralysis in
silk-worms. .

Toumanoft (1951), on the other hand, while attributing a toxic role to crystalline inclusions, regards the
enzyme lecithinase as the important toxic factor in these strains. Heimpel (1955) likewise emphasizes
the relationship between pathogenicity for insects and the ability to produce lecithinase in various species
of the Bacillus genus.

The question of the classification of the above-mentioned strains pathogenic for insects is still not
altogether clear. B. thuringiensis is not described either in the sixth edition of Bergey’s Manual or in
Krasilnikov’s Manual; only Smith et al. (1946) mention B. thuringiensis, as a variety of B. cereus.
According to Steinhaus and Jerrel (1954), B. thuringiensis will be included in the seventh edition of
Bergey’s Manual as an independent species. The other varieties of B. cereus differ only slightly and it is
quite possible that some are synonymous (e. g. some authors regard B. sotto as the Japanese equivalent
of B. thuringiensts).

The aim of the present work was to investigate the pathogenicity of a Czech strain of B. thuringiensis
isolated by Dr. Weiser, to ascertain at what stage in its development the insecticidal substance is formed,
where it is localised, what its effect is and whether the production of this substance by strains forming
inclusions differs from its production by strains in which inclusions are not formed. It was further necessary
to elaborate a sensitive method for isolating the inclusions, as the authors who so far studied the question
of the pathogenicity of B. cereus var. thuringiensis (Husz 1927, 1929, 1930, Metalnikov and Chorine
1929a, b, Metalnikov et al. 1931, Steinhaus 1951, Toumanoff 1955, Heimpel 1955) always worked only
with sporulated cultures, i. e. with a mixture of spores, inclusions and the remains of vegetative cells,
while Angus (1954) dissolved inclusions of B. sotto in dilute alkalis; in our experiments this did not prove
satisfactory, as it resulted in loss of activity of the filtrate.

Materials and Method

The Czech virulent strain of B. cereus, var. thuringiensis, was isolated from severely affected larvac
of the sweet pepper moth (Plodia interpunctella) in 1952. It is characterised by greater virulence than
the strains obtained in Hungary and the USA (Weiser and Veber 1954, Zofka 1955). Its diagnostic
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characteristics coincide with those of B. cereus. Non-virulent strain: When maintained on a meat-peptone
agar slant at room temperature for half a year without subcultivation, this strain lost its ability to form
inclusijons. Both strains were cultured on an agar sporulation medium in Roux bottles at 28° C.

Caterpillars of Lymantria dispar and Euproctis phaeorrhoea were selected for the experiments; these
pests damage deciduous trees, mainly oaks, hornbeams, willows and fruit trees. The caterpillars were
reared in large Petri dishes and infected by feeding on willow leaves (in early spring) and later plum
leaves smeared with a suspension of infected material. In every experiment, which was carried out in
duplicate, twenty caterpillars were used. Some experiments were further repeated using silk-worms
{ Bombyx mori), which were fed on mulberry leaves.

Isolation of inclusions: This proved very difficult in cultures in which sporulation was complete and
which also contained spores and vegetative debris in addition to free inclusions. The specific weight of the
inclusions differs only slightly from that of the spores. Differential centrifugation (Behrens and Marti
1955) did not give satisfactory results, nor could it be used even in cases in which the spores in a mixture
containing inclusions were allowed to germinate beforehand, in order to increase their substance. As
regards time, germination of the spores was very uneven and the part which should have contained
inclusions still contained a large quantity of spores which had not yet germinated. Dissolving the inlu-
sions in dilute alkalis, as described by Angus (1954), likewise proved unsatisfactory in our experiments as
the inclusions lost their effectiveness on being dissolved. The most satisfactory proved to be the density
gradient centrifugation technique (Schneider ot al. 1953, Riman 1955). Gradients of 1 ml. of 1.11M,
0.957M, 0.636M and 0.335M saccharose were layered into centrifuge tubes. A culture in which sporulation
was complete was washed and suspended in 0.25M saccharose and layered in amounts of 1 ml. into the
centrifuge tube over the fourth gradient. Centrifugation was carried out for 25 minutes at 300 G. A ring
containing most of the spores and inclusions then fell to the 0.636M gradient and in the upper gradients
slightly turbid saccharose remained, which contained almost only inclusions. By removing the upper
gradient and washing, a suspension of inclusions containing only very few spores was obtained (50 to
80 : 1).

In their latest communication, Hannay and Fitz-James (1955) describe the isolation: of crystalline
inclusions by mechanical disruption of the spores and by the germination and autolysis of spore material.
"This method of isolation was used for making a chemical analysis, however, and not for ascertaining the
biological effect of the inclusions.

Isolation of the spores: Three methods were used. A culture in which sporulation was complete was
treated for a) 10 minutes at 112° C, at 0.5 atm. overpressure, b) 24 hours with 0.1N NaOH, ¢) 24 hours
with 1%, pepsin in a N/20 HCl medium. The protein inclusions were either destroyed or completely
dissolved. The germinating capacity of the spores was tested by inoculating on to meat-peptone agar.
The same concentration was always maintained in the suspensions, measured by the degree of turbidity.
Determination of antibiotic properties: This was carried out by the plate assay method, using agar blocks
(a fow pieces of agar of 5 mm. diameter) taken from a fully developed culture of B. thuringiensis on
nutrient agar.

Results

Influence of the Age of the Culture on Production of the
Insecticidal Substance of Bacillus thuringiensis

In these experiments a study was made of the stage at which the insecticidal
substance develops.

Table 1 shows that the action of a young, 8-hour-old culture containing only
vegetative cells is very weak. The first caterpillars did not die until the fourth day
and massive death did not occur until the eighth day. A post mortem examination
showed that the cells had proliferated in the weakened organisms suff iciently to cause
septicaemia. The most virulent were the cells of a fully developed 7-day-old culture
composed of free spores, inclusions and vegetative debris; this caused death in 509,
of the caterpillars within three days and in 100%, within six days. The results
permit the assumption that the effective insecticidal substance develops during the
period of sporulation.

Comparison of the Effect of Spores and Inclusions of the Virulent Strain
of Bacillus thuringiensis

Since the experiments described above do not show whether the pathogenic agent
is the spores or the inclusions which are released at the same time as the spores,
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Table 1. Death Rate in the Third Instar of Caterpillars of Euproctis phaeorrhoea Fed with Cultures of
B. thuringiensis of Varying Ages

Age of culture 8 hours 16 hours 48 hours 7 days
Vegetaylve Part of
. cells with Free spores
Morphology Vegetative . spores and . .
signs of g . and inclusions,
of culture cells inclusions . A
) spores and vegetative debris
: . released
inclusions
Days Mortality
1 0 0 0 5%,
2 0 0 5%, 109,
3 0 5%, 5% 509,
4 10% 259 359, 809,
5 20% 659, 75% 909,
6 259, 859 909, 1009,
7 459 959, 1009,
8 909%, 959,

Table 2. Death Rate in the Third Instar of Caterpillars of Euproctis phaeorrhoea Fed with Isolated
Spores and Isolated Inclusions

Spores Inclusions
. . . Isolated by
Inclusions Inclusions Inclusions . .
Days denatured by dissolved dissolved bycgr??rsi}fxy aﬁgﬁlent
heating to 112°C in 0.IN NaOH in 19 pepsin techngque
Mortality
1 0 (] 0 109,
2 0 0 0 509,
3 0 5%, 59, 70%
4 159%, 109, 5%, 859,
5 30% 209, 109, 1009,
6 459 359/, 159,
7 559, 659, 259,

a further investigation was made to compare the effect of spores only and inclusions
only on the death of caterpillars.

Table 2 shows that the isolated spores do not have an immediate toxic effect.
The caterpillars do not die for 3—4 days, the cause of death being septicaemia follow-
ing proliferation of the bacilli which develop from the spores in the intestine. After
the ingestion of inclusions, however, some caterpillars died on the very first day.
By the second day 509, of the caterpillars were dead and 1009, died by the fifth
day. The toxic effect of the inclusions was evident only a few hours after ingestion.
The caterpillars stopped feeding and their movements decreased. In older, more
resistant caterpillars, damage to intestinal function was manifested by the intestine
remaining full and by cessation of peristalsis, while in younger, less resistant cater-
pillars, diarrhoea occurred and the anus became stuck to the underlying surface.
Susceptibility of the caterpillars to infection decreased with age. A loss of appetite
was observed when the leaves were smeared with a large dose of spores or whole
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culture, and the caterpillars fed with infectious material were therefore subjected

beforehand to starvation.

Caterpillars infected with spores died from septicaemia. In caterpillars infected
with inclusions, normal microflora appeared in the intestine in the first hours after
feeding; later, germination of the spores accompanying the inclusions in small
quantities occurred (proportion of inclusions to spores 50—80 : 1), while prior to
death vegetative forms even penetrated into the haemolymph. Paralysis in the first
hours of infection was not therefore accompanied by septicaemia.

Prior to death the caterpillars were soft in consistency and the epidermis acquired
a darker tinge. After death the internal organs rapidly disintegrated and the haemo-

lymph dried up.

Effect of a Strain of Bacillus thuringiensis not Forming Inclusions

The above results demonstrated that the inclusions constitute the toxic component
of the virulent strain. It was therefore of interest to ascertain the effect of a strain of
B. thuringiensis which had undergone degeneration and lost the ability to form
inclusions. Experiments with this strain showed that when given orally it is non-
virulent both in the form of young, vegetative cells (16 hours old) and also in the

Table 3. Death Rate in the Third Instar of Caterpillars of Euproctis phaeorrhoea Fed with Inclusions
of the Virulent Strain and Spores of the Non-virulent Strain of B. thuringiensis

Inclusions of viru- Inclusions of Spores of }
Davs Inclusions of lant strain 4 spores virulent strain n;r}:-virlulent E
? virulent strain of non-virulent + spores of strain [
strain virulent strain } o {
Mortality ;
]
. | ! : —
1 159, [ 5% ! 5% | v |
2 | 559 159, . 209, ' 0
3 : 809% 309, 409, 0
‘ 4 95% i 75%, 859, 0
5 1009, ! 90% 909, o |
6 | ‘ 1009, 100% 5% ?
{
e

Table 4. Death Rate in the Third Instar of Caterpillars of Bombyx mori Fed with Inclusions and Spores

of B. thuringiensis

Inclusions ‘ Inclusions of !
Inclusions ustons virulent strain Spores of Spores of
-+ spores of . 3
Hours of virulent virulent + spores of non-virulent virulent
strain train | non-virulent strain strain
stra ‘ strain |
Mortality
I . ‘ . S
2 0 59, [ 0 0 0
(209, paralysis) | (109, paralysis) ‘ (309, paralysis)|
| 19 509, 6097, , 409, g 0 0
| (209, paralysis) | (109, paralysis) | (359 paralysis)
26 1009, 959, 959% 0 0
39 1009, 1007, 0 0
e _ _ {
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form of spores from a fully developed 7-day-old culture, which pass through the
intestine in the excrements with their ability to germinate still intact, without
causing septicaemia (table 3, 4).

Infection with vegetative cells of the non-virulent strain did not cause death.
These experiments lend support to the view that inclusions of the pathogenic strain
merely induce germination of the spores in the intestine of the caterpillar which
results in septicaemia.

In experiments in which inclusions were added to the spores of the non-virulent
strain, the death rate among infected caterpillars of Euproctis phaeorrhoea did not
exceed the death rate among the control caterpillars to which only inclusions were
administered (table 3, 4). :

Effect of Bacillus thuringiensis on Silk-worm (Bombyx mort)

Caterpillars in the third instar were very susceptible to infection with B. thurin-
gtensis. Within only two hours after ingesting infected leaves they remained motion-
less on their sides and began to die. A microscopic examination of the haemolymph
and contents of the intestine confirmed that no germination of the spores had
occurred within this short period and that death was the result of intoxication
(table 4).

Antibiotic Properties of Bacillus thuringiensis

In the past few years it has been discovered that some strains of the species
B. cereus produce antibiotic substances. An attempt was therefore made to ascertain
whether the strain of B. thuringtensis used in these experiments produced an anti-
biotie, and if so, whether this was related to its toxic effect on caterpillars.

The plate assay method demonstrated that both strains—the strain forming
inclusions and virulent for caterpillars and the non-virulent strain without inclu-
sions-—produce an antibiotic which acts on some gram-positive micro-organisms:
B. subtilis (15 mm. zone), Sarcina lutea (18 mm.) and Staphylococcus aureus (12 mm.)
and not affecting the gram-negative micro-organisms Serratia marcescens and
Escherichia coli. Since the antibiotic was produced in the first hours of growth
(6-hour-old culture), before inclusions are formed, and was also produced by the
strain not forming inclusions, it may be assumed that the antibiotic is not identical
with the inclusions.

Discussion

The present communication, dealing with the problem of ascertaining the effect of
spores and inclusions of B. thuringiensis on caterpillars demonstrates for the first time
the use of a relatively very pure concentrated suspension of inclusions isolated
mechanically by a density gradient centrifugation technique. In agreement with
views expressed in the literature it was found that .the toxic substance does not
develop until during the sporulation period. The results given in tab. 2, however,
show a basic difference between the effect of isolated inclusions and spores on
mortality in caterpillars and show that the inclusions are the main toxic component.
The question thus remains of how far other factors (e. g. lecithinase) may participate
in the effect of the inclusions.

The observation that the inclusions are the main bearers of toxicity was also
confirmed in experiments with a strain of B. thuringiensis which had lost the ability
to form inclusions. This strain was non-virulent for caterpillars. Toumanoff (1955)
also described two strains of Bacillus softo which differed in their virulence for the
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silk-worm and observed inclusions only in the virulent strain. By passaging B. cereus,
var. alests on alkaline agar with a pH of 9.0—9.5, Toumanoff also obtained a culture
in which inclusions were absent. This culture was less toxic than the initial culture.
On returning the culture to neutral agar, inclusions were again formed in some
cases. It may be assumed that in the alkaline medium the inclusions were dissolved
and thereby diluted, resulting in a decrease in their toxicity and perhaps a partial
degradation of their toxic agent. This observation is in agreement with our own
experiments in which the dissolving of inclusions in 0.1 N NaOH always led to the
loss of virulence of the filtrate. It differs, however, from the results of Angus (1954),
who in the case of Bacillus sotto succeeded in dissolving the inclusions in dilute
alkali and thus obtained an active, spore-free filtrate which produced paralysis in
silk-worms within 2—4 hours.

Summary

1. A method was elaborated for isolating inclusions from a mixture of spores,
inclusions and vegetative debris by means of a density gradient centrifugation
technique. The proportion of inclusions to spores was from 50 to 80 : 1.

2. It was found that the crystalline inclusions formed in the cells of Bacillus thurin-
giensis during sporulation and released from the cells at the same time as the spores,
have a strong insecticidal action. They have a toxic effect on caterpillars within
a few hours after ingestion (immobilisation of intestinal function, reduced mobility)
and cause death in the third instar of caterpillars of Euproctis phaeorrhoea within
five days and in those of Bombyx mori within 24 hours.

3. Spores alone do not have an immediate toxic effect, but cause septicaemia
after a few days.

4. A strain of Bacillus thuringiensis which has undergone degeneration and has lost
the ability to form inclusions is not virulent for caterpillars of Euproctis phacorrhoea,
Lymantria dispar and Bombyx mori when given by mouth. If, however, inclusions
from the virulent strain are substituted, infection with the degenerated strain has
the same effect as that with the virulent strain.

5. The strain of Bacillus thuringiensis investigated produces an antibiotic
substance which is not identical with thé inclusions.

(Table XXI1)
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Nsyuenue peiicrBus Bacillus thuringiensis Ha HaceXOMbIX

1. BAHBKOBA

Pesome

WccaegoBanacs cnopoo6pasytomas Gaxrepus Bacillus thuringiensis, kax u3BecTHO,
[ATOreHHAA AJIA HACeKOMHX. B COOTBETCTBMM ¢ NAHHEIMH JIMTepaTypH OwLIO ycTa-
HORBJIEHO, YTO TOKCHYHOEe JJIA HACEKOMEIX BellecTBO Bo3HMKaeT y B. thuringiensis
TOJILKO B Tepuop cropooGpasoBanusa (ra6ia. 1). Kuerxm sroro mramma copepsxar
B OTOT MEpPHMOA, KPOMe CIIOp, TaK#e KpucTajumdeckue Briwodenus (puc. 1). buaa
paspaboTaHa METOIUKA BHEJCHUA BKIIOUEHMIA 13 CMECH CIIOP, BKJIIOYEHNI ¥ OCTATKOB
BereTaTMBHEIX KJETOK MCIOJb3yoLIas TPAAMEHTHYIO TeXHUKY IeHTPUPYTupoBaHUA.
HajinenHoe HaMU COOTHOIIeHMEe MEMAY BKJIOYeHUAMH M crmopamu Geito 50—80 : 1.
Ilna BeIeJdeHUA CIOP TeJblida BKIOYEHU [eHATYPHMPOBAJIUCH WIM HArpeBaHUeM
(mo 112 °C), umm nencusnom, uan sxe 0,1 N-NaOH. Us pesynsraros, npusegeHHBX
Ha Taba. 2, OYEeBUAHO, YTO CYUECTBYeT NPUHIUNHMAJLHAA PABHUIA MEMAY TOKCH-
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YECKIM [IECTBUEM HA I'YCeHNI] OT/@NBHO BKJIOUEHWI 11 OT/ENILHO CIIOP M 9TO TIABHOI
TOKCHYECKOI COCTABHONM 4acTBIO ABJIAITCA BKJIKNYEHNHA. BRIOYEHUA OKA3bIBAIOT HA
[yCEeHHII TOKCUYECKOe NelicTBUE yiKe Yepe3 HeCKOJABKO YaCOB MOCJe UX 3arIaThBAHUA
(MMMOGMIIMBALNA KULIEYHNKA, [OHUIKEHNe IIOABUAHOCTH), BHBEIBAIOT TubeTh
3-eit crammu rycemnn Euproctis phaeorrhoea Don. B reuenue 5 auein (rabm. 2),
a 3-eit craguu rycenu; Bombyx mori — B Teuenme 24 wacos (raba. 4). Nsoaupo-
BaHHEIE CHOPHL HE OKA3LIBAIOT HEMENJIEHHOTO TOKCHYECKOTO [efiCTBUA, HO BHI3HIBAIOT
CENTUKEMHUI0 4epe3 HECKOJLKO JHeil.

HaGmogenue, 4To MHKII03UM ABIAIOTCA OCHOBHHIM HOCUTEIIEM TOKCHYHOCTH, OBLIO
TIONTBEPH/IEHO TaK:ke OUbITaMid co mramMmoM B. thuringiensis, woropwit yrparun
cnocobHoCTh 00pasoBaTs Teabua Briouennit. Ilpn Beegenum per 0s JTOT WITAaMM
He GBI BUDYJIEHTHHIM J7ift Tycennny Lymantria dispar, Euproctis phaeorrhoea Don.
1 Bombyx mori. Eciu k cnopam meBupysenTHOro mramma npubaBiIAIUCH TeJbIla
BRJIIOYEHUI BUPYJIEHTHOTO IITAMMA, TO IIOJyYeHHAA CMech OKashIBAJIA TaKoe e Jefi-
CTBHE, KaK M NEPBOHAYATBHLIA BUDPYAEHTHHIA wTamMm (Tabu. 4).

Bruto ycranosieno, uro mcesenyemsiit mramm B. thuringiensis oGpasyer anTH-
6uoTHYECKOe BeleCTBO, KOTOPOE He TOMECTBEHHO ¢ TeJIbIAMMN BRJIOYSHIIL.
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Darstellung von mit 131J markierten Eiweissstoffen

J. LIEBSTER, A. BABICKY, J. KOZEL, E. LiS8, G. SYDOW

Biologisches Institut, Tschechoslowakische Akademie der Wissenschaften, Praha und Institut fiir Medizin
und Biologie, Deutsche Akademie der Wissenschaften, Berlin-Buch

Eingegangen am 12. 2. 1957

Mit 131J markierte Eiweissstoffe besitzen in Biologie, Biochemie und Medizin
grosse Bedeutung, vor allem fiir Stoffwechseluntersuchungen. Fir die meisten
Zwecke ist eine moglichst hohe Radioaktivitit des mittels 131J markierten Eiweiss-
stoffes bei minimalem Jodgehalt erforderlich, um die urspriinglichen Eigenschaften
des Eiweisses zu erhalten. Nach Francis verursacht ein Gehalt von 0,32 bis 0,87 %
Jod im Eiweiss keine Verinderung der Antigeneigenschaften (Francis und Mitarb.
1951). Bei der Jodierung ist es notwendig, immer moglichst schonende Bedingungen
zu wihlen und den Jodiiberschuss quantitativ aus der Eiweisslosung zu beseitigen,
ohne dass eine Strukturverinderung erfolgt.

Die Markierung von Eiweiss mittels 131J beruht auf der Jodierung des Tyrosin-
bzw. Histidin-Restes. Der mogliche Jodierungsgrad héngt vom Gehalt dieser zwei
Aminoséuren im Eiweissmolekiil ab. Menschliches y-Globulin enthilt 6,7 %, Tyrosin
und 2,6 % Histidin, menschliches Albumin 4,7 %, Tyrosin und 3,55 % Histidin,
Pferde-Albumin 4,7 ¢, Tyrosin und 4,02 9, Histidin.

Bei den iiblichen Methoden der Eiweissjodierung wird Radiojod zusammen mit
dem Triger in der entsprechenden Menge von Kaliumjodid (Hughes 1950) nach
der Gleichung

J, + KJ = KJ;

gelost. Aus dieser Gleichung folgt, dass eine moglichst geringe Trigermenge gewihlt
werden muss, falls gute Jodierungsausbeuten erzielt werden sollen. Ein Nachteil
dieser Methode besteht darin, dass fiir die Jodierung nur 33 %, des Jodes ausgenutzt
werden konnen, wie aus der Gleichung

KJ, + RH = KJ + HJ + RJ

folgt, wobei R den Phenylrest im Tyrosinmolekiil bedeutet. Diese J odierungsmethode
benutzte eine Reihe von Autoren unter Anwendung verschiedener Pufferlésungen.
In den meisten Fillen wurde eine Gesamtausbeute von 2—12 9%, bei der Jodierung
erreicht.

Francis und Mitarbeiter (1955) befassten sich mit der Methode der Markierung
von Eiweissstoffen mittels Jod mit dem Ziel der Ausbeutesteigerung. Es gelang
den Autoren die Menge des Kaliumjodid-Trigers herabzusetzen, indem sie die
Oxydation des Kaliumjodides mittels Kaliumjodat nach der Gleichung

5KJ + KJO; + 6 HCl = 6 KC1 4+ 3 H,0 4 3 J,

ausfithrten. Bei dieser Reaktion ist nur ein kleiner Uberschuss an Kaliumjodid
erforderlich, um das entstandene Jod in Lésung zu erhalten. Die Autoren erzielten
bei der Jodierung von Eiweissstoffen eine Ausbeute von 35 %.
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Tabelle 1.
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1 1,0 8 8 6 1,5 1,50 3 10 20 — 50 9,15
2 1,0 8 8 6 1.5 0,06 3 10 4 0.3 50 0,74
3 1.0 8 8 6 1.5 0.06 3 20 20 0.3 50 0,74
4 1.0 8 8 6 1.0 0,06 3 10 1 0,6 50 0,66
5 1,0 3 3 6 0,2 0,06 3 24 24 0,2 42 0,77
6 1,0 3 3 6 0,2 0,06 3 10 24 0,2 42 0,77
7 1,0 3 3 6 0,2 0,06 3 10 24 0,2 42 0,72
8 1,0 3,3 3,3 6 0,2 0,04 3 10 20 0,2 42 0.28
9 1,0 3 3 4 0,2 0,03 3 10 20 0,2 42 0,21
10 1,0 3 2 4 0,2 0,03 3 10 20 0,2 42 0,18
11 1,0 3 3 6 0,2 0,02 3 10 20 — 42 0,12
12 1,0 3 3 6 0.2 0,03 3 10 6 0,2 42 0,22
13 1,0 3 3 6 0,2 0,06 3 10 24 0,2 42 0,76
14 1,0 1 1 2 0,2 0,06 1 10 24 0,2 25 0,61
15 1,0 0,3 0,3 0,9 0.2 0,12 0,45 | 10 50 0,2 50 1,07
16 1,0 — 1 1 0,2 0,03 0,5 10 20 0,2 28 0,26
17 0,1 0,01 0,01 0,7 1,6 3,0 0,3 1 24 0,04 6,24 22,6
18 0,1 0,08 0,08 0,7 0,3 0,5 0,3 1 24 0,04 4,94 3,88
19 0,3 0,25 0,25 2 1,85 3,0 1 3 24 0,1 11,5 23,3
20 1,0° | 3 3 6 0,5 0,5 3 10 24 0,2 78 1.77
21 1,0 3 3 6 0,5 0,5 3 10 24 0,2 78 1,77
22 1,0 0,51 0,51 1,53 0,85 2,25 0,77 2,2 24 0,17 15,1 12,5
23 | 1,0 0,54 0,54 1,63 4,2 11,1 0,9 4 24 0,18 21 57,5
24 1,0 0,83 0,83 1,6 2,35 50 | 0,9 12,5 24 0,36 37,5 39,6
25 1,0 0,75 0,75 2,25 3,25 | 10 1,13 3,25 24 0,25 28 79,5
26 0,1 0,09 0,09 0,75 4 10 0,4 10 24 0,2 31 79
27 0,1 0,16 0,16 1,6 20,4 16 0,8 12 24 0,08 40 124

Versuche 22 —27 wurden 2 Stunden oxydiert.

Eine weitere Herabsetzung der Trigermengen wird durch die Extraktion des
Jodes mittels Ather aus dem Oxydationsgemisch ermoglicht (Roche 1951). Die An-
‘wendung von Jod bei der Jodierung erhsht jedoch nicht nur die Gefahr der Jod-
sublimation beim Abdampfen des Athers, sondern auch die Moglichkeit der Eiweiss-
denaturierung.

Nach einem anderen Verfahren kann Jod aus Jodid durch Oxydation mittels
Wasserstoffperoxyd in Freiheit gesetzt werden (McFarlane 1956)." Die Jodierung
verlauft bei neutralem pH 7,5 in 0,9 9 NaCl-Losung mit einer Ausbeute von 24 9.
Eine #hnliche Methode benutzte Gilmore (1954), welcher Natriumjodid mittels
Persulfat oxydierte und bei Jodierung von Serum-Albumin in Phosphatpuffer bei
Anwesenheit von Guanidin eine Ausbeute von 90 9, der Theorie (bzw. 45 9%, der
eingesetzten Jodmenge) erhielt. Fiir die Oxydation kann ferner Natriumnitrit
in saurer Losung verwendet werden (Shulman und Tagnon 1950).

Fiir die Abtrennung des Eiweiss von unverbrauchtem Jod und Salzen werden
Fallungsmethoden, z. B. mittels Essigsiure (Banks u. a. 1951), Dialyse (Melcher
und Masouredis 1951) event. auch in Anwesenheit von Ionenaustauschern (Stern-
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1,98 | 22 0,44 Rinder-y-Globulin, 2 x mit Benzol ausgeschiittelt
0,22 | 29 0,58 dtto
0,39 | 53 1,06 dtto
0,24 | 49 0,5 dtto
0,41 | 52 0,36 dtto
0,39 | 51 0,36 Rinder-y-Globulin dialysiert
0,33 | 45 0,36 Rinder-y-Globulin 6 x mit Benzol ausgeschiittelt und voroxydiert
0,18 | 67 0,5 Globulin 5 x mit Benzol, 4 x mit CCl, ausgeschiittelt und voroxydiert
0,13 | 64 0,45 . dtto
0,11 | 65 0,3 Globulin 10 Stunden dialysiert
0,04 | 30 0,4 Globulin 4 x mit Benzol ausgeschiittelt
0,07 | 31 0,3 dtto
0,35 | 47 0,37 Globulin 4 X mit Benzol ausgeschiittelt und voroxydiert
0,31 | 50 0,12 dtto
0,46 | 43 0,04 dtto
0,05 | 19 *) dtto
11,0 49 0,1 Globulin mit Benzol extrahiert
1,74 | 45 0,09 dtto
13,3 57 0,11 dtto
0,33 19 0,15 Rinderalbumin mit Benzol extrahiert und voroxydiert
0,32 | 18 0,15 Rinderalbumin mit Benzol extrahiert
11,6 93 0,13 Pferdealbumin 24 Stunden dialysiert
50,0 87 0,13 dtto
13,4 20 0,06 Menschliches Albumin, weniger rein, 24 Stunden dialysiert
51,5 65 0,12 Menschliches Albumin rein, 24 Stunden dialysiert
3,6 4,6 *) Tuberkulin 24 Stunden dialysiert
21,0 | 21,0 *) BCG 1 24 Stunden dialysiert

Bei Versuch 20 und 21 betrﬁg die Oxydationsdauer 1 Stunde.
*) Der Jodgehalt im Eiweiss war geringer als 0,01 %,.

berg u.a. 1955) benutzt, wodurch der Dialysenverlauf beschleunigt wird. Die
Dialysiermethoden arbeiten im allgemeinen schonender.

Da die in der Literatur angefiihrten Ergebnisse stark schwanken und die Arbeits-
methoden héufig nur ungeniigend reproduzierbar sind, befassten wir uns mit der
Methodik der Jodierung von Eiweissstoffen eingehender zwecks Ausarbeitung einer
verlasslichen Methode, welche hohe Ausbeuten und Erhaltung der urspriinglichen
Eigenschaften der Eiweissstoffe ermdoglicht.

Material und Methodik

Fiir die Versuche wurde Rinder-y-Globulin, Ei-, Pferde-, Menschen- und Rinder-Albumin und zwei
Tuberkulinpriparate benutzt. Fiir die Jodierung wurden folgende Lésungen verwendet: 0,02 M NaJ;
0,02 M NaNO,; 0,1 N HCI; 0,1 N NaOH; 0,2 M Phosphatpuffer pH 7,5; 20 %, H,0,.

Die 109, Eiweisslosung wurde vor der Jodierung entweder durch wiederholtes Ausschiitteln mit
0,5 Vol. Benzol zwecks Beseitigung event. vorhandener phenolischer Stabilisatoren oder durch Dialyse
gegen 0,9 % NaCl unter Rithren bei 5° C withrend 24 Stunden gereinigt. In manchen Fillen erfolgte
eine Voroxydation der Eiweisslosung, indem zu dem gereinigten Eiweiss 0,2 ml 309 H,0, zugesetzt
und 2 Stunden bei 20° stehen gelassen wurde.
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Fiir die Jodierung wurde die in Abb. 1 dargestellte Apparatur benutzt.

In einen 20 ml-Erlenmeyer-Schliffkolben wurde 0,02 M NaJ-, 131J. und 0,02 M NaNO,-Lésung pipet-
tiert (Tab. 1). Aus dem Scheidetrichter wurde 0,1 N HCI-Lésung zugesetzt. Die Loésung wurde 1 Stunde
bei Zimmertemperatur mit elektromagnetischem Riihrer gerithrt. Nach beendeter Oxydation wurde
aus dem Scheidetrichter 0,1 N NaOH-Lésung zwecks Neutralisierung iberschiissiger HCl zugesetzt.
Hierauf wurde die Eiweisslésung und der Phosphatpuffer in den Scheidetrichter pipettiert, diese Lésung
binnen einigen Minuten unter intensivem Riihren zu der J odierungs-
lésung zulaufen gelassen und 80 9, Wasserstoffperoxyd zugesetzt. Die
Jodierung verlief dann unter dauerndem Rithren bei Raumtemperatur
wihrend einiger Stunden. Nach beendeter Jodierung wurde der Kolben-
inhalt in einen Dialysierschlauch iiberfuhrt und unter Rithren bei 5°C
gegen 2 1 einer 0,9% NaCl-Losung dialysiert. Das Dialysat wurde 2 bis
3mal in Intervallen & 24 Stunden ausgetauscht.

Nach beendeter Jodierung wurde das Volumen der Losung gemessen
und in einem aliquoten Teil die Radioaktivitdt bestimmt und auf das
Gesamtvolumen umgerechnet. Auf die gleiche Art wurde der Dialysen-
verlauf bei jedem Austausch des Dialysates verfolgt. Nach Beendung der
Dialyse warde das Volumen erneut bestimmt und das Ergebnis der End-
analyse auf eine event. Volumenénderung korrigiert.

Die markierten Eiweissstoffe wurden der Elektrophorese unterworfen.
Die Elektrophorese erfolgte in einer feuchten Kammer an gespannten
Filterpapierstreifen mit Veronal-Citrat-Puffer von pH 8,6 bei 250 V
wiihrend 8 Stunden. Der Nachweis wurde durch Entwickeln des Elektro-
phoregrammes mittels Bromphenolblau in alkoholischer mit Quecksilber-2-
chlorid gesdttigter Losung ausgefiihrt.

Die Radioaktivitét wurde mittels Geiger-Miiller-Zéhlrohr mit Glimmer-
Endfenster bestimmt. Die Proben wurden unter gleichen geometrischen Be-
dingungen gemessen. Die Ergebnisse wurden auf den Hintergrund und Zerfall
des Radioisotops korrigiert; Korrektion auf Eigenabsorption musste nicht
(0)

erfolgen, da die Masse der Proben zu vernachldssigen war. .

Die Proben fiir die Messung wurden bereitet, indem wir 0,1 ml (nach
geeigneter Verdiinnung) auf ein Aluminiumschilchen von 2 cm? Fldche
pipettierten, 0,1 ml 0,1 N Natriumthiosulfatlésung zusetzten und unter
Abb. 1. der Infrarotlampe trockneten.

Ergebnisse

Die Ergebnisse der Versuche, in welchen die zugesetzte Trigermenge, die Menge
an Radiojod, die Jodierungsdauer und die Menge zugesetzten Wasserstoffperoxyds
verandert wurde, sind in Tab. 1 zusammengefasst. Aus der Tabelle folgt der Einfluss
der Reinheit des Eiweiss auf die Jodierungsausbeute, was am besten aus Versuch
Nr. 24 und 25 hervorgeht, in welchen zwei Albumine von verschiedener Reinheit
benutzt wurden. Die besten Ergebnisse werden bei der Jodierung von durch Dialyse
gereinigten Eiweissstoffen erzielt. Die Trigermenge beeinflusst die Ausbeute in
weiten Grenzen nicht. Nur bei der Jodierung mit dem urspriinglichen Radiojod-
préparat, welches ohne Triigerzusatz oxydiert wurde, sind die Ausbeuten besonders
niedrig. Die Oxydation von Radiojod und zugesetztem Triger erfordert fiir den
quantitativen Verlauf mindestens 1 Stunde. Als optimale Dauer der eigentlichen
Jodierung erwiesen sich 20 bis 24 Stunden. Da bei der Jodierung eine dem an Eiweiss
gebundenen Jod dquivalente Jodmenge zu Jodid reduziert wird, ist es méglich, die
Ausbeuten durch dauernde Reoxydation des Jodids zu Jod zu erhéhen, was durch
Zusatz einer kleinen Menge Wasserstoffperoxyd zu dem Jodierungsgemisch aus-
fiihrbar ist. Es gelang so, die Ausbeuten bei der Jodierung bis auf 90 9, der eingesetz-
ten Menge an !34J zu erhchen. Wihrend des gesamten Versuches erfolgte keine
Verdnderung des pH, welches sich dauernd auf einem Wert um 7,5 hielt. Fiir die
Reinigung der markierten Eiweissstoffe von iiberschiissigem Jod eignet sich
am besten die Reinigung mittels meist 2 bis 3mal wiederholter Dialyse, wodurch
mehr als 99 9%, des nicht gebundenen Jodes entfernt werden kann. Im Verlauf der
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Versuche erfolgte niemals Denaturierung des Eiweiss, wovon wir uns einerseits
durch Elektrophorese der Eiweissstoffe, andererseits durch immunologischen Test
und Exkretionskurve iiberzeugten.*)

Diskussion

Die im Grossteil der Literatur beschriebenen, relativ niedrigen Jodierungsausbeuten
und deren betrichtliche Schwankungen besitzen mehrere Griinde. Dies ist in erster
Linie die Reinheit der Eiweissstoffe. Die fiir die Jodierung bestimmten Eiweiss-
stoffe miissen vollkommen rein sein und diirfen vor allem keine durch Jod oxydier-
baren Substanzen enthalten. Meist werden nach verschiedenen Verfahren gefillte
Eiweissstoffe benutzt, welche jedoch noch haufig Spuren von Verunreinigungen,
vor allem Stabilisatoren, enthalten. So enthielt z. B. ein von uns benutztes y-Glo-
bulinpriparat 0,3 % Trikresol. Fiir die Erzielung hoher Ausbeuten ist es vorteilhaft,
den Eiweissstoff vor der Jodierung einer Voroxydation mittels einer kleinen Menge
Wasserstoffperoxyd wihrend 2 Stunden zu unterwerfen, wodurch mittels Jod
oxydierbare Substanzen oxydiert werden, welche bei der Jodierung die fiir die
eigentliche Jodierungsreaktion zur Verfiigung stehende J odmenge herabsetzen
wiirden. Vorteilhafter ist es, die Eiweissstoffe durch Dialyse zu reinigen; die Vor-
oxydation entfillt dann. Ein weiterer wichtiger Faktor ist die quantitative Oxyda-
tion des radioaktiven Jods und des zugesetzten Trigers, was durch Wahl einer ge-
eigneten Reaktionsdauer erreicht wird. Die meisten Autoren vermischten die
Eiweisslosung im Puffer mit der frischbereiteten Jodierungslosung sofort; nach
unseren Erfahrungen erfordert die Oxydation von Jodid zu Jod mindestens 1 Stunde.
Bei den fiir unsere Versuche benutzten Jodkonzentrationen bleibt das Jod nach
der Oxydation des Jodids in Losung, und es ist daher nicht notwendig, mit einem
Losungsmittel oder grosserer Trigermenge zu arbeiten. Es ist unter diesen Versuchs-
bedingungen nicht ausgeschlossen, dass es zu oxydativen Verdnderungen der Eiweiss-
stoffe kommt, diese beeinflussen jedoch nicht deren Verwendbarkeit fiir immuno-
logische Zwecke. _

iir die Erreichung hoher Ausbeuten eignet sich der Zusatz einer kleinen Wasser-
stoffperoxydmenge zu der Jodierungslosung, welcher das bei der Jodierung
entstehende Jodid erneut zu Jod oxydiert. Auf diese Art ist eine beinahe quantitative
Ausnutzung des gesamten Jods fiir die Markierung von Eiweiss erreichbar. Fir die
Abtrennung von Salzen aus der Lésung der jodierten Eiweissstoffe benutzen die
meisten Autoren Féllungsmethoden. Diese Methoden sind mit Verlusten verbunden
und gestatten es nicht, mehr als 99 %, des ungebundenen Jods zu beseitigen. Es gelang
uns in unseren Versuchen auch durch 5mal wiederholtes Fillen nicht, diese Werte
zu erreichen. Wir fithrten die Reinigung daher durch Dialyse gegen 0,9 % NaCl-
Losung bei 5° C aus. Die Dialyse wurde fiir gewohnlich 2 bis 3mal a 24 Stunden
wiederholt, bis der Jodgehalt in der Eiweisslosung withrend 24 Stunden um nicht
mehr als 0,5 % sank. Auf diese Art gelang es, mehr als 99 %, des ungebundenen Jods
zu beseitigen.

Zusammenfassung

Es wurde eine Methode der Jodierung von Eiweissstoffen ausgearbeitet, welche
die einfache Markierung mit 131J gestattet. Die Ergebnisse sind stabil und gut
reproduzierbar. )

*) Wir danken Herrn Dr. Riha aus dem Biologischen Institut fiir die freundliche Ausfithrung der
immunologischen Teste und der Exkretionskurven.
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Die hoben Jodierungsausbeuten sind durch die Reinheit der zur Jodierung
benutzten Eiweissstoffe, den quantitativen Verlauf der Oxydation des Jodids
zu Jod und den Zusatz einer kleinen Wasserstoffperoxydmenge bei der Jodierung
bedingt.

Durch Einhalten der angefiihrten Bedingungen kénnen Ausbeuten bis zu 90 % der
eingesetzten Gesamtmenge an Radiojod erzielt werden.

Fiir die Beseitigung iiberschiissiger Salze eignet sich die Reinigung durch Dialyse
wihrend 72 Stunden am besten.

Die Anwendung minimaler Triagermengen bei Einhaltung hoher Ausbeuten ge-
stattet die Darstellung von Eiweissstoffen mit einem derartigen Jodgehalt, dass
keine Verianderungen ihrer Antigeneigenschaften erfolgen.
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[IpuroroBnenue GeskoB MedeHHX '3!J

. IJUBCTEP, A. BABUITKMMI, . KO3EJ, 9. JUC n I'. CbIJI0B

Pesrome

Brit paspaGoTaH MeTOR MedeHHA (esKOB PafMOaKTUBHBIM MOIOM J131, Tak Bo3-
MO{HO TIPOM3BOAUTH HOAALMIO (EJKOB ¢ MCIOIb30BAHMEM BILIOTH 10 909%, oT B3ATOrO
B ONBIT KOJMYeCTBA paanoaxTuBHoro uopa. Ilomydaembie pesynbTaThl OKA3HIBAITCH
TOCTOAHHHMHM 1 BOCIIPOM3BOAMMBIMH.

JlaA moJyv4eHMA BHCOKOPO ¥, MOAanM¥ HEOOXOJMMO IPUMEHATH a6CoJIIOTHO
umeTee Gesnku Ge3 mpumecelt m crabuimsaropos. IlosTomy nepex monaumeid mpen-
BapHUTeJbHO MPOMBBOAMJICH JHAIN3 6eaxon ¢ 0,9% NaCl.

JInA TMOJHOrO WCIOJIB30BAHWA BCEr0 MOAA M3 PACTBOpa A MOALMM GeakxoB
Heo6XOQMMO OKMCJIeHHe Bcero MOAMaa Ges ocTaTka A0 MOfa IO [edcTBHEM NaNO,
B KMCJ0i cpefie B TedeHne 1 waca.

B CBA3M ¢ TeM, YTO IpM MOJAIMU GeIKOB IPOMCXONMT BOCCTAHOBJIEHME J 3 B KOJIH-
4ecTBe, COOTBETCTBYIIIEM CBASAHHOMY MOAY, BHIXOX HOJN BOBMOMKHO IIOBRICMTH
nytem npubaBieHMA HeGOJBIIOTO KOJIUYECTBA H,0,, B peayisraTe 4ero MOAup
HETIPePHIBHO NepexoautT B J,, cmocoGHH K JajbHelilied wopaluu. Tak MOKHO
nobuThes MONHOrOo Wcnoab3oBanuA mopa. Ilosromy OniBaeT BOZMOMHO paborars
¢ OueHb HE3HAYMTEJILHOIl KOHIleHTpauueil MOJa, OCTAWOUIErOCs B PacTBOpe, U HET
HeoGXOMMOCTH B DACTBOPMTENAX MAM B Oombmmx kosmdecrBax cyGerpara. Ilpu
naGopaTopHoit TeMmepaType MOAauuA TpoTekaer 8a 24 waca. ITociie oKOHYAHMA
uomauuy u3OHTOYHEIE COJIM YIAAJIAKTCA HyTeM JUajIusa ¢ 0,9% NaCl. Cmensasa
AMAJIM3ATH TPHAE B CYTKH , MOAKHO OTAIHTD Gosee 999, He BCTYIUBIIETO B pEaKLUIO
unoja. A

Ilo aroMy MerTopy ObLIa YCHEMHO TNpPOWBBEJEHA MORALMA PABIMYHHIX COPTOB
rao6yanna, ansbymnna u TyGeprysMHa. PesayabraTsl peaknuu 3aBHCAT OT cOAep-
yKaHWA THPO3WHA u TucTwiuHa. IlosToMy y mepBrx 2 GenKOB pe3yJbTaTH IOJY-
waoTeA aydile, uem y TyGeprysmna. IIpumenenue MUHNMAIBHEX KOJIWECTB HOCH-
Tels ¢ MAKCUMAaJbHEIMM Pe3yJIbTaTaMi MOBBOJIAET NMPUTOTOBATH GeJdKH ¢ COAeP-
JKAHIEM MOJIa, KOTOpOe He OKA3KBAeT BIMAHMA HA UX AHTUTeHHbIe CBOHCTBA.
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The Physiology of the Formation of Anthocyanin in Carrot Root
Cultures (Daucus carota L.)

J. CHRASTIL and E. PETRU
Institute of Biology, Czechoslovak Academy of Science, Department of Plant Physiology, Praha

Received May 2, 1956

As long ago as 1941, Gautheret observed that in carrot root cultures cultivated
in vitro, anthocyanin was formed in the “pseudothalles” (Gautheret), “Wundhaare”
(Magnus), “hojivé vlisky” (Petri). The cytology of pseudothalles has been de-
scribed by Petrti (1954). In the further cultivation of these cultures, this characteristic
feature, i. e. the ability of individual varieties to form anthocyanin, was used for
differentiating individual varieties of carrots. In some varieties, production of antho-
cyanin in the “‘pseudothalles’ is typical under certain conditions, whereas in others
only chlorophyll is produced. Some varieties produce both. This phenomenon is
markedly specific in cultures in vitro. '

In the present work, the physiology of the formation of these pigments was dealt
with and a study made of the relationship between carbohydrate metabolism and
the formation of anthocyanin or chlorophyll in various varieties cultured in vitro
under the same conditions.

Methods

All the cultures were maintained on 59, saccharose at a temperature of 20° C during the daytime
(17° C at night), in the daylight. Samples were always collected for analysis from the same part of the
same carrot root, ensuring homogenity of the material used in the experiment. The values given in the
tables are the averages from several parallel analyses. Because of the small amounts involved (0.05—1 g.),
the well-known chromatographic method of the constant addition of samples of individual carbohydrates
to the mixture under analysis (Cain 1951, Berry and Cain 1951) was selected for the quantitative deter-
mination of carbohydrates. The fresh specimens were carefully weighed and homogenised, adding CaCO,
extracted with hot water and after filtering, cleared with lead acetate. The solution was then filtered
and the excess lead ions precipitated with sodium sulphate. The resultant carbohydrate solution was
condensed and made up to an exact volume (0.5—5 ml.) according to weight, so that the ultimatec
concentration of carbohydrates was 1—5%,. From this, 20 pl. of the extract was applied to Whattman
chromatographic paper No. 1. The presence of inorganic salts did not, in general, affect the results,
because of their extremely low concentration.

The quantitative evaluation of carbohydrates was carried out by constantly adding a standard
solution of 0.1—59, glucose, saccharose and fructose. A mixture of n-butanol-acetic acid-water (4:1:5)
was used for developing; sugars were detected by means of an aniline-phthalate mixture. The intensity
of the spots was compared visually and the quantitative composition determined on the basis of their
area, always taking the average of a number of specimens. The results were calculated and expressed
as a percentage of the known amount of fresh weight.

Besults and Discussion
It was found that in the varieties tested by us (the edible Daucus carota, Selekty

polodlouhd and Stupické bild, used for fodder) a marked decrease occurred in the
saccharosc content on culturing under the conditions described above (from 2— 69,
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Table 1. Variety: Stupické bilé (fodder).

o/
/0
Date of taking specimen
glucose saccharose

11. II. 55 1.3 3.7 Start of experiment
16. II. 55 1.4 1.1
22. I1I. 55 1.8 0.6 Formation of chlorophyll
22. I11. 55 phloem 2.9 1.0

0.8 0.3

22. I11. 55 wood . |

Table 2. Variety: Selekty polodlouhé (edible).

%

Date of taking specimen

glucose saccharose
I —_
4. IIT1. 55 Start of experiment
10. TII. 55
22. II1. 55 Formation of anthocyanin

22. II1. 55 phloem
22. 1IL. 55 wood

et
WD O W
S W v o
[FUR N e S |

to 0.6—4.8%; see tab. 1 and 2). This decrease is manifested particularly markedly
in the phloem (from 5.7%, to 3.29% or from 3.7% to 1.0%). In varieties forming
anthocyanin, an increase in the formation of saccharose was observed in the xylem,
as compared with varieties forming chlorophyll, in which a marked decrease in saccha-
rose was apparent in the xylem. Glucose accumulated in the phloem. In contrast
to varieties which form mainly anthocyanin, saccharose accumulates in the callus
in chlorophyll-forming varieties (1.0% in callus, as compared with 0.3% in the
xylem); this is probably due to photosynthetic activity.

In anthocyanin-forming varieties, the proportion of glucose to saccharose changes
in the course of production of anthocyanin, which is formed chiefly in pseudothalles’
in the phloem. In the phloem, this change is markedly in favour of glucose (from
1/, to 1/,), while in the xylem it is in favour of saccharose (from 1/, to !/.). This shows
that respiratory activity is more intensive in the phloem, saccharose being consumed
as a physiologically active sugar, while glucose, as a banal product of metabolism,
accumulates. The accumulation of glucose and saccharose in callus tissue in chloro-
phyll-forming varieties can be explained on the basis of photosynthetic activity.
In other yellow and white varieties of fodder carrots studied (Loberisskd, Tédborska
#luté, Osevy oran’ové) a marked decrease in saccharose was observed in all parts
of the carrot, while the glucose content rose slightly, or was maintained at the
same level.

Marked formation of chlorophyll was observed in cultures of these varieties
in vitro. In anthocyanin-forming varieties, far less glucose accumulates in the phloem
(from 1.3% to 1.6%,), although the decrease in saccharose is approximately the same
as in chlorophyll-forming varieties (2.5% and 2.7%). This indicates that some
of the glucose must have been used and gives rise to the question of whether glucose
may not serve as a substrate for the metabolism of anthocyanin, while in the process
of the formation of chlorophyll it is not utilized. There are various opinions on the
biogenesis of anthocyanin, but the problem of aromatisation in plants is still open.
On the basis of their experiments, the authors incline to the view of the aromatisation
of glucose (metabolism of sikimic acid or inositol ?). In general it may be said that
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the conditions of carbohydrate metabolism in cultures in vitro differ fundamentally
in different varieties of carrots and are to a certain extent associated with the
possibility of intensive formation of anthocyanin or chlorophyll. Examples of two
typical varieties are given in tabs. 1 and 2.

Summary

Physiological studies of the formation of anthocyanin in carrot cultures in vitro
show that the formation of anthocyanin is a typical property of some varieties
and is directly associated with questions of heredity. A study of carbohydrate
metabolism shows that tissue which produces anthocyanin displays marked respira-
tory activity and hoards glucose as a banal sugar, but that much of the latter is
probably consumed in the formation of anthocyanin.
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®usuonorna 06pasoBaHMsA AHTOIMAHOB B HKCILIAHTATAX KOPHA
Mopkosu (Daucus carota L.)

H. XPACTWI u 5. IETPY

Pesrome

Nsyuenue ¢usnosornn o6pazoBaHmsas AHTOLUMAHOB B MOPKOBM, BHIpal{NBaEMOIf
in vitro, Mokasango, 4T0 06pa3oBaHMe AHTOLUAHOB — DTO 0C00EHHOCTh, TUIIMYHAA
7711 HEKOTOPBIX COPTOB M MPAMO CBSI3aHHAA ¢ BONpOcaMu HacJjencTBeHHoctu. Uccese-
MoBaHUA MeTaboNn3Ma TVMIMIOB IIOKA3AJIM, YTO B TKAHM, obpasymoueii aHTOnUAH,
HaGimoaerca Gojlee MHTEHCHBHOe [bIXaHAEe N HAKOIIAGTCH KAK OOBIKHOBEHHBI
caxap TIJIOK03a, GoJbIIas 4acTh KOTOPOH OAHAKO pacxopyercs, BEPOATHO, AJA
ofpasoBaHus anTONUAHOB.
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M. Hepmym: L-popmsl Gaxrepuii, 1V, Ta6a. XIX.

Puc. 1. PasBeTBilenHoe KpymHOe MPOAOIroBaToe Temblie Proteus, ¢ OJHOr0 KOHUA KOTOPOro OT-
IIHY POBHIBAIOTCS Na04ku. CKIOHHOCTb K PA3BETBIICHHUIO 3AMETHA U Y OCTAILHAIX KRIIT. 2000 en/ma,
4° C, uepes 10 jmuelt mocae mocesa. Y Beanyenne 1200 x.

Puc. 2. Hauaxo otgenenns najgouexk oT RIIT. Veeanuenne 1200 x.

Puc. 3. CromiieHuss 3epHMCTOCTH IIOCJIe pacnana KKT. 10.000 ex/ma, 37° C. VBennuenne 1500 x .
Puc. 4. KKT B pasIuuHBIX CTaAMAX PAsBUTHA 4Yepes 2% yacy mocie mocesa. 20.000 ex/ma, 22° C.
Vpenuuenue 1500 X .

Puc. 5. 6000 ex/ma, 4° C, uepes 10 gHeit mocje noceBa. HeKoTophIe WApH ellle B COCTOAHAN pacnaja,
apyrue obpasylor KIIT. Vsemuuenue 1000 x.
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M. Hepmym: L-Qopmm Gaxrepuii. IV, Taba. XNX.

Puc. 6. I.-kononna Proteus mirabilis. Tlepudepnn komounu cocrout us pereHepuMpoBaBINMX Ma-

j04eK. YBeauuenune 1000 x .
Puc. 7. Jlerans nepudepuu l.-xomonun. IoscHenns B rercre. Ysemuuenue 1500 x .
Puc. 8. I'panynuposannoe KKT uepes 24 uaca nocie mocera. 40.000 en/ma, 37° C. YBeanuenue
" 1200 %,
Puc. 9. amemmenunit pacnagy KKT npu 4° C, wepes 10 meit mocse mocesa. Meakas 3€PHHUCTOCTD
Ha nepudepuu. 6000 ex/mu. Yeemuuenne 1200 x .

Puc. 10. Bakyonnsaunsa MeJKUX IM1apoB u KpYynuHOK uepe3 30 yacon mociye mocesa. 10.000 ex/mur,

37 °C. YBeanuenne 1100 x .
Puc. 11. Baryonusuposannoe KKT Proteus. Vpeaunuenne 2000 x .
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M. Hepmum: L-bopmut Gaxrepuii. IV, ' Ta6a. XXI.

Puc. 12. 3epuucrocrs u Menkme maps mociae pacnaga HKHT uepes 36 uac. mocae mocera.
20.000 ex/ma, 22° C. Ypennuenue 950 x .

Puc. 13. MHOrounciIesnpe BAKyOJIN MEJIKUX HIAPOB U 3ePHUCTOCTH. ¥YBenudenue 1100 x .
Puc. 14, 15. Kpynsue Bakyoan B rpanyianuu mocie pacnaga HKT, uepes 24 qua nocie nocesa.
20.000 eg/ma, 22° C. YBeanuenue 1500 x .

Puc. 16. BakyonuanposaHHble dlieMeHTapHbIe Tesbua l.-oprannamos. Vseauvenue 1300 x .
Puc. 17. KKT u KIIT, Bo3HUKIIMe U3 3ePHACTOCTH ¥ MEIKHKX LIAPUKOB U3 |.-KoJIOHUN. ¥V BelUuYeHKe

750 x .
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J. Vaiikowd: Study of the Effect of Bacillus t,fmuringionsis on Insects. Table XXTI.

¥ig. 1. 72-hour-old culture of virulent strain of B. thuringiensis in stage..of..formation of spores and

inclusions. A: typical rhomboid inclusion, B: non-staining spore, C: spore and inclusion before separation.
Stained with carbol-gentian violet. Magnification: 2,100 x . Photograph by J. Kubec.

Fig. 2. 7-day-old colony of B. thuringiensis (MPA, 25° C), with typical appearance following complete
sporulation and release of inclusions. Magnification: 7 x . Photograph by O. Lysenko.
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